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ABSTRACT 
The treatment of foreign trade has a great influence on the 
results obtained from multisectoral macroeconomic models. This 
manifests itself clearly in the problem of overspecialized solu- 
tions, which arises in most of the models currently in use. This 
unwanted phenomenon is treated differently in the two main clas- 
ses of models: programming models and general equilibrium models. 
The paper discusses the theoretical and methodological prob- 
lems related to this issue using a special comparative framework, 
in terms both of the above two classes of applied models and in 
terms of laissez-faire equilibrium and planner's optimum. Atten- 
tion is focussed on alternative export specifications and optimum 
tariff problems. The optimum tariff problem is discussed from 
the point of view of both large (the usual case) and small open 
economies, The argument is illustrated by numerical results 
based on two models of the Hungarian economy. 
MULTISECTORAL MACROECONOMIC 
MODELS AND OPTIMUM TARIFFS 
1. INTRODUCTION 
Multisectoral planning or economic policy analysis models 
can be roughly classified into three main categories: statisti- 
cal (econometric) input-output models, mathematical programming 
models, and applied (computable) general equilibrium models. 
This classification is, however,loosingmore and more of its 
relevance, because there is a strong tendency toward integrating 
and combining the various approaches in complex models. Never- 
theless, in this paper we adopt the above classification and 
focus our attention on the second and third classes of model in 
a special comparative framework. 
Planning models of the mathematical (linear) programming 
type are well known and have been extensively applied to develop- 
ment planning problems throughout the world. No detailed refer- 
ences are needed, or will be given here, thus avoiding the dangers 
of overselectivity or bias, Computable general eq~ilibrium (CGE) 
modeling is a relatively recent development, although its roots 
go back at least twenty-five years). Despite the early pioneering 
work of Johansen (1959), who constructed a linearized multi- 
sectoral general equilibrium growth model, there was no real 
breakthrough in the field until the second half of the 1970s.* 
To date, numerous papers, journal articles, and books have re- 
ported on such modeling efforts in various countries and have 
described applications to a wide range of economic development 
issues. Without being in any way exhaustive, we refer here to 
some of the more concentrated or sustained efforts. Thus, for 
example, we have the work associated with the World Bank as rep- 
resented by Adelman and Robinson (1978) who introduced the term 
"CGE", Taylor e t  aZ. (1 980) , Ginsburgh and Waelbroeck (1 981 ) , 
and Dervis, de Melo, and Robinson (1983); then there is the work 
of the IMPACT project in Australia, as outlined, for example, by 
Dixon e t  aZ.(1977); and finally the research done at IIASA, as 
reported by Bergman and P6r (1980, 1983), Kelley and Williamson 
(1 980) , ~arlstrom (1 980) , Shishido (1 981 ) , and Zalai (1 982a, 
1982b) , among others. 
CGE models (CGEMs) closely follow the neoclassical general 
equilibrium tradition and are usually interpreted as nodels that 
imitate market behavior. The estimation of many parameters of 
these models is also based on indirect methods derived from neo- 
classical economic theory. It is interesting to note in this 
context that the appearance of CGEMs seems to have undermined the 
' d e t e n t e '  between macroeconomic modelers in East and West, which 
was amarked characteristic of the era when linear input-output 
and programming models were almost exclusively used. In my view, 
the CGEMs have just made more clearly visible some profound con- 
ceptual and methodological differences between modeling in East 
and West; these differences were there all along, but were hidden 
by their common mathematical structure (see Table 1 for a con- 
densed summary of some major differences). 
Modelers from centrally planned countries have usually 
viewed as harmless intellectual games the efforts of their western 
colleagues to give sophisticated theoretical respectability or 
*One of the problems that made full-scale application of 
nonlinear general equilibrium models infeasible for so long was 
the lack of efficient solution algorithms. Now, however, there 
are several solution algorithms available for general equilibrium 
models, some of them tailored to specific models. See, for ex- 
ample, Scarf and Hansen (1973), Manne, Chao and Wilson (1980), 
Keyzer ( 1982) , and Bergman and P6r ( 1983) . 
Table 1. Major features of computable general equilibrium (CGEM) and optimal planning (OPM) 
models. 
- 
Aspect CGEM OPM 
Base of comparison Observed state (counter- 
factual simulation) 
Characteristic types Real, price, cost, financial 
of variables 
Provisional plan (counter- 
plan simulation) 
Mainly real, some financial 
assets 
Functional relation- Neoclassical economics (e.g., Pragmatic considerations 
ships based on production functions, demand (e.g,, fixed norms, struc- 
functions) tures) 
Data bases Statistics (ex post) Plan information (ex ante) I 
W 
I 
Parameter estimation Direct and indirect econometric Mixed methods, heavy reliance 
techniques estimation (mostly single-point on experts from various 
data estimates) fields 
Decision criteria Individual profit and utility Overall consistency and 
maximization efficiency 
Special allocational Varying rates-of-return require- Special bounds on variables 
limits reflected by ments, taxes (indirect) (direct) 
Mathematical form Nonlinear equatibn system, 
locally unique solutions 
(assumed) 
Linear inequalities with 
alternative overall objec- 
tive functions 
interpretation to what the socialist planners considered equa- 
tions or inequalities dictated by pragmatic commonsense consid- 
erations. Indeed, this explains partly why modelers in the East 
have completely ignored the CGEMs. They were seen as the result 
of taking these "games" to extremes. Moreover, the models are 
squarely based in mainstream Western economics, which has not 
only come in for criticism in both East and West as largely ir- 
relevant theory but is also considered as completely alien and 
ideologically adversary to socialist (Marxist) economic theory. 
I have tried to show in some related papers* that the con- 
ceptual gaps are not as wide as they may appear. Much of the 
neoclassical "mist" surrounding CGEMs can be dispelled, and most 
of the models can be discussed in purely pragmatic terms as 
natural extensions of structurally similar programming models. 
Indeed, since all of these macroeconomic models deal with "econ- 
omic agents1' (sectors, large consumer groups, etc.), which are 
collections of agents of individual decision-making authority, 
one may even question the theoretical validity of interpreting 
CGE models in terms of the adopted (neoclassical) microeconomic 
theory. Thus, the purely pragmatic reinterpretation is not only 
feasible but might even be viewed as desirable. In this respect, 
my attitude towards the CGEMs is markedly different from that of 
my colleagues in the West. They seem to follow just the opposite 
line of reasoning and try to see linear programming models as 
primitive, early examples of Walrasian general equilibrium 
models. 
This paper is basically concerned with these and related 
issues in the specific context of foreign trade as it is typical- 
ly treated in the multisectoral macroeconomic models discussed 
above. We start (in Section 2) by discussing the problem of 
overspecialization and how it is dealt with in different types 
of models. Our main aim is to show examples (rigid versus flex- 
ible bounds) of what we mean by the pragmatic reinterpretation 
of some elements of the neoclassical-based CGEMs. Section 3 will 
be devoted to the problem of optimum tariff. This well-known 
*See the list of references. This paper draws heavily on 
Zalai (1 982b) . 
t h e o r e t i c a l  problem seems t o  have been  c o m p l e t e l y  o v e r l o o k e d  i n  
a p p l i e d  g e n e r a l  e q u i l i b r i u m  models. I n  o u r  s p e c i a l  c o m p a r a t i v e  
framework ( p l a n n e r ' s  optimum v e r s u s  laissez-faire e q u i l i b r i u m )  
it c l e a r l y  shows up a s  a  p o s s i b l e  q u a l i t a t i v e  d i f f e r e n c e  between 
o p t i m a l  programming models  and CGEMs. W e  w i l l  a r g u e  t h a t  t h e  
u s u a l  a d o p t i o n  o f  Arming ton ' s  (1969) a s sumpt ion  i n  CGE models  
t u r n s  o t h e r w i s e  " s m a l l "  ( i n  t h e  u s u a l  s e n s e )  economies i n t o  
" l a r g e "  o n e s  ( i n  t h e  s e n s e  o f  i n t e r n a t i o n a l  t r a d e  t h e o r y ) .  T h i s  
n o t  o n l y  g i v e s  r ise n a t u r a l l y  t o  t h e  problem of  optimum t a r i f f s ,  
b u t  it a l s o  b r i n g s  i n  t e r m s - o f - t r a d e  e f f e c t s  t h a t  c a n  h a r d l y  b e  
j u s t i f i e d  on e m p i r i c a l  g rounds .  I t  w i l l  be  shown t h a t  s l i g h t  
m o d i f i c a t i o n  of  t h e  n e o c l a s s i c a l  model can  l e a d  t o  a n  optimum- 
t a r i f f  k i n d  o f  phenomenon even  i n  t h e o r e t i c a l l y  " s m a l l "  econo- 
m i e s ,  which d o e s  n o t  seem t o  have  been d i s c u s s e d  i n  t h e  l i t e r a -  
t u r e  t o  d a t e ,  F i n a l l y ,  S e c t i o n  4 p r o v i d e s  some n u m e r i c a l  i l l u s -  
t r a t i o n s  of  t h e  t h e o r e t i c a l  a rguments .  These  a r e  based  on two 
models  o f  t h e  Hungar ian  economy*. The s i m u l a t i o n  r e s u l t s  a r e  
c l e a r  examples  o f  t h e  o r d e r  o f  magni tude  o f  e f f e c t s  i n t r o d u c e d  
i n t o  t h e  macroeconomic models  by assuming less t h a n  p e r f e c t l y  
e las t i c  e x p o r t  demand. 
2 .  FOREIGN TRADE IN MGLTISECTORAL MODELS: R I G I D  VERSUS FLEXIBLE 
BOUNDS 
The p u r e ,  ' t h e o r e t i c a l '  r e s o u r c e  a l l o c a t i o n  c o n s t r a i n t s  o f  
most m u l t i s e c t o r a l  macroeconomic models c u r r e n t l y  i n  use  t e n d  t o  
produce  h i g h l y  o v e r s p e c i a l i z e d  s o l u t i o n s .  O v e r s p e c i a l i z a t i o n  
m a n i f e s t s  i t s e l f  i n  t h e  e x i s t e n c e  o f  o n l y  a  s m a l l  number o f  pro-  
d u c i n q  and /o r  e x p o r t i n g  s e c t o r s  and  l i t t l e  o r  no i n t r a s e c t o r a l  
t r a d e .  I n  view o f  t h e  f a c t  t h a t  even  i n  t h e  most d e t a i l e d  mo2.els1 
t h e  s e c t o r s  r e p r e s e n t  r a t h e r  a g g r e g a t e d  p r o d u c t  g r o u p s ,  such  o v e r -  
s p e c i a l i z e d  s o l u t i o n s  c a n n o t  b e  de fended  on p r a c t i c a l  grounds .  
Thus,  model b u i l d e r s  t r i e d  t o  f i n d  ways of  a v o i d i n g  u n r e a l i s t i c  
s o l u t i o n s .  
*The models  have  been  deve loped  under  t h e  j o i n t  a u s p i c i e s  of  
IIASA and t h e  Hungar ian  P l a n n i n g  O f f i c e .  The a u t h o r  g r a t e f u l l y  
acknowledges t h e  v a l u a b l e  a s s i s t a n c e  of  h i s  c o l l e a g u e s  and ,  i n  
p a r t i c u l a r , t h a t  o f  Gy. Boda, I .  Csek6, A.  ~o ' r ,  J.  ~ i u i k ,  and A.  
T i h a n y i .  
I n  p l a n n i n g  models o f  t h e  l i n e a r  programming t y p e  t h e  main 
means o f  p r e v e n t i n g  o v e r s p e c i a l i z a t i o n  i s  t h e  e x t e n s i v e  u s e  o f  
s p e c i a l  c o n s t r a i n t s  on i n d i v i d u a l  v a r i a b l e s  o r  g roups  of  v a r i -  
a b l e s .  The u s e  of such  bounds i n  p l a n n i n g  models i n  n o t  u n i v e r -  
s a l l y  approved.* One o f  t h e  main c r i t i c i s m s  i s  t h a t  t h e y  a r e  a d  
h o e ,  a r b i t r a r y  r e s t r i c t i o n s ,  and moreover t h e y  can a l s o  d i s t o r t  
t h e  shadow p r i c e s .  An a l t e r n a t i v e  approach f a v o r e d  by some model 
b u i l d e r s  i n v o l v e s  t h e  i n t r o d u c t i o n  o f  more compl ica ted  n o n l i n e a r  
r e l a t i o n s h i p s  i n t o  t h e  model,  pe rhaps  i n  a  p i e c e w i s e  l i n e a r  
f a s h i o n .  
I t  i s  undoubtedly  t r u e  t h a t  t h e  i n d i v i d u a l  c o n s t r a i n t s  ac-  
coun t  f o r  t h e  inadequacy o f  t h e  chosen model,  r e f l e c t i n g  o u r  l a c k  
o f  knowledge and modeling a b i l i t y .  On t h e  o t h e r  hand,  however, 
t h i s  problem, i . e . ,  t h e  a r b i t r a r i n e s s  o f  c e r t a i n  e l e m e n t s ,  i s  
common t o  a l l  p r e s e n t  economic r o d e l s .  I n  some models t h i s  i s  
q u i t e  a p p a r e n t ,  w h i l e  i n  o t h e r s  it i s  p a r t i a l l y  h idden  beh ind  a n  
e l e g a n t  ma themat ica l  f a c a d e .  Thus,  f o r  example, t h e  u s e  o f  non- 
l i n e a r  r e l a t i o n s h i p s  ( r a t h e r  t h a n  i n d i v i d u a l  bounds)  t o  d e a l  w i t h  
o v e r s p e c i a l i z a t i o n  can j u s t  be  s e e n  a s  i n t r o d u c i n g  a n o t h e r  t y p e  
of a r b i t r a r i n e s s  i n t o  t h e  model. Moreover, f o r  p l a n  c o o r d i n a t i o n  
models a t  l e a s t ,  most o f  t h e  i n d i v i d u a l  bounds a r e  based  on p a r -  
t i a l ,  presumably r a t h e r  c a r e f u l  a n a l y s i s  o f  t h e  u n d e r l y i n g  phe- 
nomena i n  t h e  t r a d i t i o n a l  p l a n n i n g  p r o c e s s ;  it i s  d o u b t f u l  t h a t  
t h i s  e x p e r t i s e  c o u l d  be  r e p l a c e d  by some s i m p l e  modeling d e v i c e .  
To avo id  t h i s  a r g u r , e n t 1 s  becoming one-s ided ,  w e  n u s t  make a  
b r i e f  mention of  some p o i n t s  which w i l l  be  d i s c u s s e d  i n  more de- 
t a i l  o n l y  l a t e r .  I t  w i l l  b e  a rgued  t h a t  t h e  r e a l  c h o i c e  i s  n o t  
between e x p e r t  judgnen t  and i n d i v i d u a l  bounds,  on t h e  one hand,  
and n o n l i n e a r ,  e c o n o m e t r i c a l l y  e s t i m a t e d  r e l a t i o n s h i p s ,  on t h e  
o t h e r .  I f  r e l i a b l e  economet r i c  e s t i m a t e s  canno t  be hoped f o r ,  
t h e  p a r a m e t e r s  o f  t h e  n o n l i n e a r  forms i n  q u e s t i o n  might  j u s t  
a s  w e l l  be based  on e x p e r t  judgment a s  a r e  t h e  i n d i v i d u a l  bounds 
i n  t h e  o t h e r  s o l u t i o n .  What i s  more i m p o r t a n t ,  i n  o u r  view, i s  
t h e  f a c t  t h a t  t h e  u s e  o f  n o n l i n e a r  r e l a t i o n s h i p s  may r e s u l t  i n  
*See T a y l o r  ( 1 9 7 5 )  f o r  a  more comple te  t r e a t m e n t  o f  a u x i l -  
i a r y  c o n s t r a i n t s  and t h e i r  c r i t i c i s m .  Also  see Ginsburgh and 
Waelbroeck ( 1  981 ) . 
macroeconomic models t h a t  a r e  a b l e  t o  produce l e s s  d i s t o r t e d  
account ing (shadow) p r i c e s ,  which, i n  t u r n ,  may be a  u s e f u l  
source  of  in format ion  f o r  p r i c e  and c o s t  p lanning ,  o r .  p r o j e c t  
eva lua t ion .  We w i l l  t r y  t o  show t h a t  t h e s e  non l inea r  func t ions  
can,  i n  most c a s e s ,  be viewed a s  f l e x i b l e  bounds on c e r t a i n  
v a r i a b l e s .  
For t h e  sake  of  s i m p l i c i t y  we w i l l  use an extremely s t y l -  
i z e d ,  textbook type  of model. We w i l l  assume t h a t  t h e r e  i s  only 
one s e c t o r  whose n e t  ou tpu t  ( y )  i s  given (determined by a v a i l -  
a b l e  r e s o u r c e s ) .  The on ly  a l l o c a t i o n  problem i s  t o  d i v i d e  Y 
i n t o  domestic use (Cd)  and e x p o r t s  ( Z ) .  Exported goods w i l l  be 
exchanged f o r  an imported commodity which i s  assumed t o  be a  
p e r f e c t  s u b s t i t u t e  f o r  t h e  home commodity. In t e rmed ia t e  use 
w i l l  be neg lec ted .  
Following a  s imple  l i n e a r  programming approach,  expor t  
(PE) and import  (F14) p r i c e s  w i l l  be t r e a t e d  a s  (exogenously 
given)  parameters  of  t h e  model. In t roduc ing  M f o r  t h e  amount 
o f  imports  purchased and C f o r  t h e  amount of imports  used,  o u r  
n? 
opt imal  r e sou rce  a l l o c a t i o n  problem can be formulated i n  t h e  
fol lowing way 
C = C  + C m  d + max 
where Pd, Pm, and V a r e  t h e  dua l  v a r i a b l e s  a s s o c i a t e d  wi th  t h e  
c o n s t r a i n t s ,  i . e . ,  t h e  shadow p r i c e s  of domestic o u t p u t ,  i m -  
p o r t s ,  and fo re ign  cur rency ,  r e s p e c t i v e l y .  
The s o l u t i o n  of t h e  above problem obviously  depends on ly  
on t h e  r e l a t i o n  of FE and Fp,l, i . e . ,  on t h e  terms of  t r a d e .  The 
problem o f  o v e r s p e c i a l i z a t i o n  i s  i l l u s t r a t e d  h e r e  ve ry  c l e a r l y .  
I f  t h e  t e r m s  o f  t r a d e  a r e  f a v o r a b l e  (FE > FM), t h e n  e v e r y t h i n g  
- 
w i l l  be e x p o r t e d  ( Z  = Y) and o n l y  impor ted  goods consumed (C, = 0 ,  
- 
U 
Cm = M = PE z/FM) . However, i f  t h e  t e r m s  o f  t r a d e  a r e  unfavor-  
a b l e  t h e  o p t i m a l  p o l i c y  w i l l  be a u t a r k y .  
L e t  us  assume f o r a  moment t h a t  t h e  t e r m s  of  t r a d e  a r e  
- 
f a v o r a b l e  a t  p r i c e s  FE and PM. The model b u i l d e r s  w i l l  be aware 
o f  t h e  f a c t  t h a t  FE i s  o n l y  an  approximate  v a l u e  o f  t h e  u n i t  ex- 
p o r t  p r i c e ,  and Chat a t  such  a  p r i c e  t h e  e x p o r t  markets  cou ld  n o t  
absorb  more t h a n ,  s a y ,  a n  amount Z o f  e x p o r t s .  I n t r o d u c i n g  y a s  
an  i n d i v i d u a l  upper  bound on Z would p r e v e n t  t h e  model p roduc ing  
- 
a  comple te ly  o v e r s p e c i a l i z e d  s o l u t i o n .  Z would c l e a r l y  be b ind-  
ing*  and t h e  s o l u t i o n  would b e  
I t  i s  a l s o  e a s y  t o  see t h a t  t h e  o p t i m a l  v a l u e s  o f  t h e  d u a l  v a r i -  
a b l e s  w i l l  be 
- 
where t i s  t h e  shadow p r i c e  o f  t h e  i n d i v i d u a l  bound, Z .  
W e  cou ld  t h e r e f o r e  s a y  t h a t ,  i n  t h i s  s i m p l e  s i t u a t i o n ,  com- 
modity p r i c e s  a r e  de te rmined  by t h e  wor ld  market  p r i c e  of  t h e  
s u b s t i t u t e  commodity; t h e  h i g h e r  e x p o r t  p r i c e  i s  n e u t r a l i z e d  by 
a n  a p p r o p r i a t e  t a x  ( t )  on e x p o r t s ,  which i s  de te rmined  a s  t h e  
shadow p r i c e  o f  t h e  i n d i v i d u a l  e x p o r t  c o n s t r a i n t .  
The a n a l y s i s  of  t h i s  h y p o t h e t i c a l  p l a n n i n g  model shou ld  
n o t  s t o p  h e r e ,  however,  f o r  w e  know t h a t  i s  a  c o n s t r a i n t  on 
e x p o r t  a t  g i v e n  e x p o r t  p r i c e s  FE. I f  w e  changed FEE, would H 
change t o o ?  Suppose t h a t ,  a t  l e a s t  w i t h i n  c e r t a i n  l i m i t s ,  t h e  
answer i s  y e s ,  i. e. , a  d-ecrease i n  t h e  e x p o r t  p r i c e  (G)  would 
i n c r e a s e  t h e  c a p a c i t y  f o r  a b s o r p t i o n  o f  e x p o r t s  . I n  o t h e r  
*This  is why w e  use  - t h e  word "comple te ly"  i n  t h e  p reced ing  
s e n t e n c e .  I n s t e a d  o f  y ,  Z w i l l  now be  t h e  upper  l i m i t .  T h i s  
s t r o n g  bound on Z w i l l  n o t  q u a l i t a t i v e l y  change t h e  s o l u t i o n .  
words, t h e  economy f a c e s  d e c r e a s i n g  m a r g i n a l  e x p o r t  revenue o r ,  
what amounts t o  t h e  same t h i n g ,  less t h a n  p e r f e c t l y  e l a s t i c  ex- 
p o r t  demand. L e t  D(PE) be t h e  e x p o r t  demand f u n c t i o n .  I n s t e a d  
o f  t h e  r i g i d ,  f i x e d  e x p o r t  bound (El w e  c o u l d  t h e r e f o r e  use  t h e  
f o l l o w i n g  f l e x i b l e  c o n s t r a i n t :  
s i m u l t z n e o u s l y  t r e a t i n g  P  a s  a  v a r i a b l e  i n  t h e  b a l a n c e  o f  pay- E 
ments c o n s t r a i n t .  T h i s  would, however,  t u r n  o u r  l i n e a r  program- 
ming problem i n t o  a  n o n l i n e a r  o n e ,  which i s  g e n e r a l l y  more d i f -  
f i c u l t  t o  s o l v e .  To keep t h e  l i n e a r  programming framework i n t a c t  
w e  c o u l d  a d o p t  a  p i e c e w i s e  l i n e a r i z a t i o n  t e c h n i q u e ,  a s  s u g g e s t e d ,  
f o r  example, by S r i n i v a s a n  ( 1 9 7 5 ) .  
Most l i n e a r  programming models used  f o r  n a t i o n a l  r e s o u r c e  
a l l o c a t i o n  w i l l  c o n t a i n  i n d i v i d u a l  bounds on i m p o r t s  a s  w e l l  a s  
on e x p o r t s .  T y p i c a l l y ,  t h e  r a t i o  o f  impor ted  goods used t o  
domes t i c  p r o d u c t s  used  ( m )  w i l l  be f o r c e d  t o  obey some con- 
s t r a i n t s .  I n  o u r  o r i g i n a l  model t h e  r a t i o  m = Cm/C i s  n o t  
+ d 
c o n s t r a i n e d ,  and s o  w e  s h a l l  i n t r o d u c e  m and m- a s  upper  and 
lower bounds ( r e s p e c t i v e l y )  on m.  Our p r e v i o u s  programming 
model w i l l  now have t o  be  augmented by two a d d i t i o n a l  c o n s t r a i n t s ,  
which can be w r i t t e n  j o i n t l y  a s  
+ L e t  ti and tm d e n o t e  t h e  c o r r e s p o n d i n g  shadow p r i c e s .  A s  a  re- 
s u l t  o f  t h e  m o d i f i c a t i o n s  i n  t h e  p r i m a l  problem t h e  d u a l  con- 
s t r a i n t s  correspond- ing  t o  Cd and Cm a l s o  have t o  b e  modi f i ed ,  
a s  f o l l o w s :  
Computable g e n e r a l  e q u i l i b r i u m  models u s u a l l y  a d o p t  a  d i f -  
f e r e n t  approach.  There  t h e  dependence o f  t h e  impor t  s h a r e  ( m )  
i s  u s u a l l y  a n  e x p l i c i t ,  c o n t i n u o u s ,  smooth f u n c t i o n  o f  t h e  r a t i o  
o f  t h e  p r i c e s  of  domes t i c  and impor ted  commodities.  I n  most 
c a s e s ,  c o n s t a n t  e l a s t i c i t y  f u n c t i o n s  a r e  used ,  such a s  t h e  
fo l lowing :  
The d i f f e r e n c e  i n  t r e a t m e n t  i s  n o t  a s  c r u c i a l  a s  it may 
seem a t  f i r s t  g l a n c e .  I n  t h e  l i n e a r  programming c a s e ,  o b s e r v e  
t h a t  i f  t h e  lower  l i m i t  on impor t s  i s  b i n d i n g  ( n e g l e c t i n g  degen- 
e r a t e  s o l u t i o n s ) ,  t h e n  w e  w i l l  have ti , 0 and Pd < 1 ,  Pm > 1.  
+ I f  t h e  upper  l i m i t  i s  b i n d i n g  t h e n  tm > 0 and Pd > 1 ,  Pm 1 .  
Otherwise  Pm = Pd. Revers ing  t h e  argument l e a d s  t o  t h e  fo l low-  
i n g  c o n c l u s i o n .  I f  t h e  shadow p r i c e  o f  t h e  d o m e s t i c  commodity 
i s  l e s s  t h a n  t h a t  o f  t h e  impor ted  c o m o d i t y ,  t h e n  w e  w i l l  n o t  
impor t  more t h a n  t h e  minimum r e q u i r e d .  I f  t h e  shadow p r i c e  o f  
t h e  domes t i c  commodity i s  more t h a n  t h a t  o f  t h e  impor ted  com- 
modi ty ,  w e  w i l l  impor t  a s  much a s  p o s s i b l e .  Otherwise  t h e  i m -  
p o r t  volume w i l l  be de te rmined  by o t h e r  c o n s i d - e r a t i o n s .  W e  can 
w r i t e  t5is f o r m a l l y  a s  
Thus, t h e  impor t  s h a r e  can  f o r m a l l y  be t r e a t e d  a s  a  f u n c t i o n  of  
r e l a t i v e  p r i c e s  a s  i n  a  c o ~ p u t a k l e  cjeneral  e q u i l i b r i m  noc'.el, 
a l t h o u g h  i n  t h i s  c a s e  t k e  f u n c t i o n  i s  n o t  smooth (see F i g u r e  1 ) .  
W e  want t o  emphasize t h a t  t h e  d i f f e r e n c e  i n  t h e  t r e a t r c e n t  
o f  i ~ , p o r t  r e s t r i c t i o n s  between l i n e a r  programming models and 
computable e q u i l i b r i u m  models can  once a g a i n  be  s e e n  a s  t h e  d i f -  
f e r e n c e  between f i x e d  ( r i g i d )  and f  ZexibZe i n d i v i d u a l  bounds. 
The r e l a t i v e - ( s h a d o w  o r  e q u i l i b r i u m )  p r i ce -dependen t  impor t  
s h a r e  i m p l i e s  a  v a r i a b l e  ( f l e x i b l e )  i n d i v i d u a l  bound on i m p o r t s .  
The l a r g e r  t h e  gap between t h e  shadow p r i c e s  o f  t h e  domes t i c  and 
impor ted  commodities t h e  l a r g e r  t h e  d e v i a t i o n  from t h e  obse rved  
( o r  p lanned)  i r . p o r t  r a t i o  (mo)  . 
Computable 
g e n e r a l  
e q u i l i b r i u m  
model 
L i n e a r  
programmi 
model 
F i g u r e  1 .  Impor t  s h a r e  f u n c t i o n s .  
I n  f a c t ,  a l l o w i n g  f o r  a  smooth v a r i a t i o n  o f  t h e  i m p o r t  s h a r e  
around i t s  proposed l e v e l  i n  a  p l a n n i n g  model makes a t  l e a s t  a s  
nuch s e n s e  a s  t h e  u s u a l  i m p o r t  r e s t r i c t i o n s .  Smooth impor t  s h a r e  
f u n c t i o n s  cou ld  a g a i n  be i n c o r p o r a t e d  i n t o  a n  o t h e r w i s e  l i n e a r  
model w i t h o u t  d e s t r o y i n g  i t s  l i n e a r  c h a r a c t e r ,  th rough  t h e  u s e  
o f  p i e c e w i s e  l i n e a r i z a t i o n * .  I n  many c a s e s ,  however,  it might 
t u r n  o u t  t o  be more advantageous  t o  t r a n s f o r m  t h e  model i n t o  
e i t h e r  n o n l i n e a r  programming form o r  computable g e n e r a l  e q u i l i b -  
r ium form. 
To c l o s e  t h i s  s e c t i o n ,  w e  s h a l l  examine t h e  e f f e c t  of  re- 
p l a c i n g  t h e  f i x e d  bounds i n  o u r  example w i t h  f l e x i b l e  o n e s .  
Suppose w e  have a  l i n e a r  programming model w i t h  f i x e d  i n d i v i d u a l  
bounds on b o t h  e x p o r t s  and impor t  s h a r e s :  
C = Cm + Cd + max! 
*Ginsburgh and Waelbroeck (1981) g i v e  examples showing how 
p i e c e w i s e  l i n e a r  ( n o n l i n e a r )  r e l a t i o n s h i p s  can b e  in t roduced.  
i n t o  l i n e a r  programming models and o u t l i n e  some a p p l i c a t i o n s .  
I f  we want t o  r e p l a c e  t h e  f i x e d  i n d i v i d u a l  bounds by f l e x -  
i b l e  ones ,  a s  d e s c r i b e d  e a r l i e r ,  we can r e w r i t e  t h e  above l i n e a r  
model i n  non l inea r  form by r e p l a c i n g  t h e  o b j e c t i v e  func t ion  wi th  
one r e f l e c t i n g  import  l i m i t a t i o n s *  and in t roduc ing  an expor t  de- 
mand func t ion  a s  be fo re .  These changes y i e l d  t h e  fo l lowing  model 
(u s ing  c o n s t a n t  e l a s t i c i t y  forms):  
Parameter D i n  t h e  f o r e i g n  t r a d e  ba lance  i s  a c o n s t a n t  term 
ob ta ined  by s o l v i n g  t h e  expor t  demand func t ion  f o r  P E:  
where fiWF i s  t h e  e x p o r t  p r i c e  charged by compet i to rs  (exogenous 
v a r i a b l e )  and e i s  a s c a l i n g  parameter.  
0 
With reasonable  va lues  f o r  t h e  parameters ,  we can expec t  
t o  o b t a i n  an i n t e r i o r  s o l u t i o n .  By i n t e r p r e t i n g  Pd,  Pm, and V 
*This o b j e c t i v e  func t ion  should be viewed a s  t h e  p l a n n e r s '  
p r e fe rence  func t ion  wi th  r e s p e c t  t o  t h e  composit ion of  t o t a l  
source  (domestic ve r sus  impor ted) .  Parameter could be based 
on e x p e r t  judgment concerning t h e  ea se  of  s u b s t i t u t a b i l i t y  ( t ech-  
n o l o g i c a l  and i n s t i t u t i o n a l ) ,  whereas hm and hd can be e s t ima ted  
from knowing t h e  planned ( t a r g e t )  import  sha re .  
a s  Lagrangian  m u l t i p l i e r s  f o r  t h e  c o r r e s p o n d i n g  c o n s t r a i n t s ,  t h e  
f i r s t - o r d e r  n e c e s s a r y  (Kuhn-Tucker) c o n d i t i o n s  f o r  a  maximum can  
be  s t a t e d  a s  f o l l o w s :  
One can  show t h a t  c o n d i t i o n s  (1.1 ) and (1 .2 )  a c t u a l l y  y i e l d  t h e  
impor t  s h a r e  f u n c t i o n  
I t  i s  a l s o  f a i r l y  e a s y  t o  see t h a t  w e  can r e p l a c e  t h e  above pro-  
gramming model by t h e  f o l l o w i n g  sys tem o f  s i m u l t a n e o u s  e q u a t i o n s :  
T h i s  i s  a l r e a d y  v e r y  c l o s e  t o  a  t y p i c a l  s p e c i f i c a t i o n  o f  a  
computahle g e n e r a l  e q u i l i b r i u m  model.  The argument u n d e r l y i n g  
a  CGE f o r m u l a t i o n  o f  t h e  same r e s o u r c e  a l l o c a t i o n  problem can be  
summarized a s  f o l l o w s .  Suppose t h a t  t h e r e  a r e  f o u r  c o l l e c t i o n s  
of  economic a g e n t s :  s u p p l i e r s  and buyers  i n  t h e  home c o u n t r y  
and t h o s e  i n  t h e  rest  o f  t h e  wor ld .  Each se t  c o n t a i n s  enough 
i n d i v i d u a l  a g e n t s  t o  e n s u r e  t h a t  none o f  them can  have a  s i g n i f -  
i c a n t  i n f l u e n c e  on p r i c e s  ( t h e y  a r e  a l l  p r i c e  t a k e r s ) .  S u p p l i e r s  
o f  t h e  d o m e s t i c a l l y  produced commodity ( t o t a l  a v a i l a b l e  amount 
- 
Y )  can choose whe the r  t o  se l l  a t  home o r  ab road .  They a r e  a s -  
sumed t o  be  p e r f e c t l y  e l a s t i c ,  and t h u s ,  i f  a t  e q u i l i b r i u m  t h e y  
se l l  on b o t h  home and f o r e i g n  m a r k e t s ,  t h e  p r i c e s  on t h e  two 
marke t s  must b e  e q u a l :  
S u p p l i e s  from t h e  rest o f  t h e  wor ld  a r e  a l s o  assumed t o  be 
p e r f e c t l y  e l a s t i c  w i t h  no s u p p l y  c o n s t r a i n t  ( i . e . ,  t h e  home 
c o u n t r y  i s  s m a l l ) .  The p r i c e  o f  t h e  impor ted  commodity is  set 
exogenously  a t  l e v e l  FM. Fol lowing Armington 's  (1969) assumpt ion  
o f  r e g i o n a l l y  d i f f e r e n t i a t e d  commodit ies ,  demand i n  b o t h  t h e  home 
c o u n t r y  and t h e  r e s t  o f  t h e  wor ld  is assumed t o  b e  less t h a n  
p e r f e c t l y  e l a s t i c .  S i m i l a r l y ,  t h e  demand o f  t h e  rest  o f  t h e  
wor ld  f o r  t h e  commodity e x p o r t e d  by t h e  home c o u n t r y  i s  assumed 
t o  be  l e s s  t h a n  p e r f e c t l y  e l a s t i c .  
W e  can r e p r e s e n t  t h e  c o n d i t i o n s  f o r  a  c o m p e t i t i v e  e q u i l i b -  
r i u m  w i t h  t h e  f o l l o w i n g  sys tem o f  e q u a t i o n s ,  i n  which t h e  endo- 
genous v a r i a b l e s  are m ,  C d ,  Cm,  M I  Z ,  Pd,  Pm, PE , and V.  
P r i c e  I d e n t i t i e s  
Demand F u n c t i o n s  
Market C l e a r i n g  Condi t ions  
Current  Account Balance 
I t  i s  a l s o  e a s y  t o  s e e  t h a t  a l l  e q u a t i o n s  a r e  homogeneous and 
o f  d e g r e e  z e r o  i n  P d '  'm' and V ,  s o  t h a t  one  o f  t h e s e  v a r i a b l e s  
can  be  chosen f r e e l y .  W e  t h e r e f o r e  have e i g h t  e q u a t i o n s  i n  
eight v a r i a b l e s ,  which ,  under  t h e  u s u a l  a s sumpt ions  on t h e  para-  
meters, w i l l  have a  unique  s o l u t i o n .  A s  c a n  be r e a d i l y  s e e n , t h e  
two sets o f  e q u a t i o n s ,  i . e . ,  t h o s e  c h a r a c t e r i z i n g  t h e  p l a n n e r s '  
optimum and t h e  l a i s s e z - f a i r e  e q u i l i b r i u m  d i f f e r  o n l y  i n  one 
p a i r  o f  e q u a t i o n s .  
3 .  OPTIMUM TARIFF I N  APPLIEC YODELS 
I n  t h e  p r e v i o u s  s e c t i o n  w e  have d i s c u s s e d  some f o r e i g n  t r a d e  
i s s u e s  a s  t h e y  appear  i n  m u l t i s e c t o r a l  macroeconomic models de- 
s i g n e d  f o r  numer ica l  s i m u l a t i o n .  W e  have b a s i c a l l y  developed 
two s i m p l e  t h e o r e t i c a l  models f o r  comparison.  One i s  a  n o n l i n e a r  
programming model, o b t a i n e d  from i t s  more t r a d i t i o n a l  l i n e a r  
c o u n t e r p a r t  by i n t r o d u c i n g  f l e x i b l e  r a t h e r  t h a n  r i g i d  i n d i v i d u a l  
bounds on e x p o r t  and impor t  a c t i v i t i e s .  The o t h e r  model i s  an 
e q u a t i o n  sys tem r e p r e s e n t i n g  t h e  n e c e s s a r y  c o n d i t i o n s  f o r  a  pure-  
l y  c o m p e t i t i v e  ( l a i s s e z - f a i r e )  e q u i l i b r i u m .  W e  have a l s o  s e e n  
t h a t  t h i s  e q u a t i o n  sys tem and t h e  f i r s t - o r d e r  n e c e s s a r y  (Kuhn- 
Tucker)  c o n d i t i o n s  f o r  t h e  optimum i n  t h e  programming model a r e  
a l m o s t ,  b u t  n o t  c o m p l e t e l y ,  i d e n t i c a l .  
The d i f f e r e n c e  between t h e  two sets of  c o n d i t i o n s  i s  n o t  a  
s u r p r i s i n g  one ,  i n  t h e  l i g h t  o f  t h e  t h e o r e t i c a l  l i t e r a t u r e  on 
i n t e r n a t i o n a l  t r a d e .  Th i s  phenomenon has  long  been recogn ized  
a s  t h e  "optimum t a r i f f "  problem (see, f o r  example, D i x i t  and 
Norman 1981) o r  a s  t h e  d i f f e r e n c e  between t h e  p l a n n e r ' s  optimum 
( w e l f a r e  optimum) and t h e  pu re  compe t i t i ve  ( l a i s s e z - f a i r e  ) equ i -  
l i b r i u m  (see, f o r  example, S r i n i v a s a n  1982 ) .  I t  i s  a l s o  w e l l  
known t h a t  i n  many s i t u a t i o n s  a  w e l f a r e  optimum s o l u t i o n  can be  
s u s t a i n e d  a s  a  co m p e t i t i ve  e q u i l i b r i u m  r e g u l a t e d  by a p p r o p r i a t e  
"optimum" t a x e s  o r  s u b s i d i e s ,  o r  th rough  d i r e c t  government i n t e r -  
v e n t i o n .  
Although t h e  problem has  been d i s c u s s e d  a t  l e n g t h  i n  t h e  
t h e o r e t i c a l  l i t e r a t u r e ,  i t  h a s  n o t  been recogn ized  a s  a  p o s s i b l e  
s o u r c e  o f  concern i n  computable g e n e r a l  e q u i l i b r i u m  models. I t  
i s  n o t  c l e a r  why t h i s  i s  so .  Perhaps  t h e  u n f o r t u n a t e  n o t i o n  o f  
a  " s m a l l  open economy" i s  p a r t l y  r e s p o n s i b l e .  Many o f  t h e  com- 
p u t a b l e  models were des igned  f o r  s m a l l  economies and t h e  adop- 
t i o n  o f  Armington's  assumpt ion was d i c t a t e d  on ly  by a  p ragmat ic  
concern  w i t h  o v e r s p e c i a l i z a t i o n .  Perhaps  i t  was n o t  appa ren t  
t h a t  t h e  ad o p t i o n  o f  such  an i nnocen t  assumpt ion would change t h e  
o t h e r w i s e  s m a l l  economy i n t o  a  " l a r g e "  one .  Another p a r t i a l  ex- 
p l a n a t i o n  may l i e  i n  t h e  i d e o l o g i c a l  v a l u e s  a s s o c i a t e d  w i t h  t h e  
concep t s  o f  p u r e  co m p e t i t i on  and monopoly power ( " i t  would be  
u n f a i r  i f  a  co u n t r y  made use  of  i t s  monopoly power i n  i n t e r n a -  
t i o n a l  t r a d e " )  . 
Whatever t h e  c a s e ,  it remains a  f a c t  t h a t  i n  t h i s  r e s p e c t  
t h e  m u l t i s e c t o r a l  p l an n i n g  models o f  t h e  p r o g r a m i n g  t y p e  d i f f e r  
from t h o s e  o f  g e n e r a l  e q u i l i b r i u m  t y p e .  The former s eek  optimum, 
whereas t h e  l a t t e r  s eek  e q u i l i b r i u m  s o l u t i o n .  I n  most c a s e s  i t  
i s  e a s y  t o  a l t e r  t h e  g e n e r a l  e q u i l i b r i u m  model and i t s  s o l u t i o n  
a l g o r i t h m  s o  a s  t o  d e r i v e  t h e  p l a n n e r ' s  optimum i n s t e a d  o f  t h e  
Z a i s s e z - f a i r e  e q u i l i b r i u m .  Thus a  cho i ce  must be made. T h i s  
c h o i c e  i s  u s u a l l y  q u i t e  i mpor t an t  because ,  a s  w i l l  be s een  i n  
t h e  n e x t  s e c t i o n ,  i t  can q u a l i t a t i v e l y  a f f e c t  t h e  s o l u t i o n .  
W e  w i l l  a l s o  show t h a t  t h e  optimum may be d i f f e r e n t  from 
t h e  l a i s s e z - f a i r e  e q u i l i b r i u m ,  even i f  t h e  economy i s  " sma l l  and 
open" ,  i n  t h e  s en se  o f  f a c i n g  exogenously g iven  t e r m s  of  t r a d e .  
T h i s  s i d e  o f  t h e  optimum t a r i f f  p roblem d o e s  n o t  seem t o  have  
been d i s c u s s e d  i n  t h e  l i t e r a t u r e  b u t  n e v e r t h e l e s s  a p p e a r s  t o  b e  
o f  i n t e r e s t .  I t  c a n  b e  a s s o c i a t e d  w i t h  s h o r t - r u n  i n f l e x i b i l i t y  
i n  e x p o r t  s u p p l y ,  and  may g i v e  rise t o  b o t h  t a x e s  and  s u b s i d i e s  
( n o t  o n l y  t o  t a x e s  a s  i n  t h e  c l a s s i c a l  optimum t a r i f f  p r o b l e m ) .  
3.1 Optimum and E q u i l i b r i u m :  P e r f e c t l y  E l a s t i c  Supp ly  
L e t  u s  examine t h e  e q u a t i o n  s y s t e m s  c h a r a c t e r i z i n g  t h e  
o p t i m a l  s o l u t i o n  ( e q u a t i o n s  2.1 t o  2 . 8 ) ,  and  t h e  c o m p e t i t i v e  
e q u i l i b r i u m  ( e q u a t i o n s  3.1 t o  3 .8)  . W e  see t h a t  t h e y  d i f f e r  i n  
o n l y  o n e  p a i r  o f  e q u a t i o n s ,  namely,  e q u a t i o n s  ( 2 . 2 )  and  ( 3 . 2 )  : 
The d i f f e r e m e  c a n  b e  e x p l a i n e d  by t h e  f o l l o w i n g  f a m i l i a r  a rgu -  
ment.  The optimun? c a n  b e  a c h i e v e d  i n  an o t h e r w i s e  f u l l y  compet- 
i t i v e  s y s t e m  by i n t r o d u c i n g  a n  ad v a l o r e m  t a x ,  t , o n  e x p o r t s .  
e 
S i n c e  s u p p l y  i s  assumed t o  b e  p e r f e c t l y  e l a s t i c ,  d o m e s t i c  sup-  
p l i e r s  w i l l  o f f e r  t h e i r  p r o d u c t s  a b r o a d  a t  a  p r i c e  r a t e  
[ € / ( I  + E )  P  /V]  ( e x p r e s s e d  i n  f o r e i g n  c u r r e n c y ) ,  g e n e r a t i n g  a n  d  
e q u i l i b r i u m  e x p o r t  demand e q u a l  t o  i t s  o p t i m a l  volume*. 
I t  i s  a l s o  u s e f u l  t o  l o o k  a t  t h e  d i f f e r e n c e  be tween t h e  two 
s o l u t i o n s  from a  d i f f e r e n t  a n g l e .  R e c a l l  t h a t  t h e  p l a n n e r ' s  
optirrum can  b e  d e t e r m i n e d  by s o l v i n g  t h e  f o l l o w i n g  programming 
problem**: 
* I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  most  e c o n o m e t r i c  e s t i m a t e s  
o f  e x p o r t  e l a s t i c i t i e s  l i e  be tween t h e  v a l u e s  -1  and -3 (see, 
f o r  example,  Houthakker  and  Magee ( 1 9 6 9 ) ,  Hickman and  Lau ( 1 9 7 3 ) ,  
S a t o  ( 1 9 7 7 ) ,  G o l d s t e i n  and  Khan ( 1 9 7 8 ) ,  S t o n e  ( 1 9 7 9 ) ,  Browne 
(1982)).  Such v a l u e s  a r e  u s u a l l y  a d o p t e d  i n  n u m e r i c a l  g e n e r a l  
e q u i l i b r i u m  models  t o o .  Observe  t h a t  E = -1 .5  i m p l i e s  a  t a x  
r a t e  o f  200 p e r c e n t  ( i . e . ,  two- th i rd - s  o f  t h e  r evenue  i s  t a x e d  
away!) ;  E = -2 c o r r e s p o n d s  t o  100 p e r c e n t ;  E = -3 t o  50 p e r c e n t ,  
and s o  on .  
**We know t h a t  Cm = M i n  t h e  o p t i m a l  s o l u t i o n  and  t h e r e f o r e  
o u r  programming p rob lem h a s  been  r e d u c e d  t o  o n l y  t h r e e  v a r i a b l e s  
and  two c o n s t r a i n t s .  The o t h e r  v a r i a b l e s  and  e q u a t i o n s  c a n ,  o f  
c o u r s e ,  a l s o  be  d e r i v e d  from t h i s  model.  
c -q )  -1/v 
C = ( h  C-v + hm d  d  -+ max 
I t  i s  f a i r l y  e a s y  t o  see t h a t  t h e  p u r e  c o m p e t i t i v e  s o l u t i o n  
can  be  found by means o f  a  p a r a m e t r i c  programming problem o f  t h e  
f o l l o w i n g  form: 
The u n d e r l y i n g  i d e a  i s  v e r y  s i m p l e .  The p l a n n e r ' s  optimum 
model h a s  been modi f i ed  i n  such  a  way t h a t  i t s  d u a l  s a t i s f i e s  
t h e  e q u i l i b r i u m  p r i c i n g  r e q u i r e m e n t s .  T h i s  h a s  been a c h i e v e d  
s imply  by m u l t i p l y i n g  t h e  e x p o r t  t e r m  i n  t h e  f o r e i g n  c u r r e n c y  
c o n s t r a i n t  by & / ( I  + E )  i n  o r d e r  t o  o f f s e t  t h e  "monopoly d i s t o r -  
t i o n "  e f f e c t .  T h i s  change,  however, a l t e r s  t h e  meaning o f  t h e  
g i v e n  c o n s t r a i n t ,  which was t h e  c u r r e n t  accoun t  b a l a n c e .  One 
s h o u l d ,  t h e r e f o r e ,  v a r y  t h e  l e f t - h a n d  s i d e  ( k )  p a r a m e t r i c a l l y  
u n t i l  t h e  s o l u t i o n  (Cm and Z ,  i n  p a r t i c u l a r )  a l s o  s a t i s f i e s  t h e  
o r i g i n a l  c u r r e n t  a c c o u n t  c o n d i t i o n * .  
*Lundgren (1982) proposed an  a l g o r i t h m  o f  t h i s  t y p e  f o r  
s o l v i n g  a  s p e c i a l  t y p e  o f  m u l t i s e c t o r a l  e q u i l i b r i u m  model which 
cou ld  i n c o r p o r a t e  nonsmooth r e l a t i o n s h i p s .  
F i g u r e  2 throws n o r e  l i g h t  on t h e  n a t u r e  o f  t h e  c o m p e t i t i v e  
e q u i l i b r i u m  s o l u t i o n .  The h o r i z o n t a l  a x i s  i s  p r i m a r i l y  a  measure 
o f  Z ,  b u t  t h e  d i f f e r e n c e  between P and Z a l s o  y i e l d s  Cd. The 
v e r t i c a l  a x i s  measures Cm. Thus,  we can  r e p r e s e n t  t h e  i n d i f f e r -  
e n c e  c u r v e s  ( i n v o l v i n g  C, and C d ) ,  t h e  b a l a n c e  o f  payment condi-  
t i o n ,  and t h e  second c o n s t r a i n t  o f  t h e  programming p r o b l e ~  a l l  
on t h e  same f i g u r e .  
The c u r v e  from 0  t o  d  = 0  r e p r e s e n t s  t h e  expor t - impor t  com- 
b i n a t i o n s  f u l f i l l i n g  t h e  c u r r e n t  a c c o u n t  r equ i rement .  Not ice  
t h a t  t h e  o n l y  d i f f e r e n c e  between t h e  l a t t e r  and t h e  second con- 
s t r a i n t  i n  t h e  programming model a t  k  = 0  i s  t h a t  t h e  e x p o r t  
term i s  m u l t i p l i e d  by t h e  c o n s t a n t  E/  (1  + E )  , which i s  assumed 
t o  be g r e a t e r  t h a n  1 .  Fence,  t h e  p o i n t s  s a t i s f y i n g  t h i s  l a t t e r  
c o n s t r a i n t  a r e  found on t h e  c u r v e  from 0  t o  k  = 0,  which l i e s  
above and i s  s t e e p e r  t h a n  t h e  c u r r e n t  a c c o u n t  c u r v e .  Thus t h e  
o p t i m a l  s o l u t i o n  of t h e  programming problem a t  k = 0  c l e a r l y  can- 
n o t  m e e t  t h e  c u r r e n t  a c c o u n t  r e q u i r e m e n t .  I f  w e  change I< para -  
m e t r i c a l l y  t h e n  t h e  o p t i m a l  s o l u t i o n s  w i l l  l i e  on t h e  c u r v e  ST. 
The c o m p e t i t i v e  e q u i l i b r i u m  s o l u t i o n  i s  found where t h i s  l a t t e r  
c u r v e  i n t e r s e c t s  t h e  c u r r e n t  accoun t  c u r v e .  For  a n  o p t i m a l  s o l u -  
t i o n  t h e  i n d i f f e r e n c e  c u r v e  and t h e  c u r r e n t  a c c o u n t  c o n s t r a i n t  
must be  t a n g e n t i a l  t o  e a c h  o t h e r  (see F i g u r e  3 ) .  I n  t h e  c a s e  of  
c o m p e t i t i v e  e q u i l i b r i u m  t h e  two c u r v e s  i n t e r s e c t  and a  s m a l l  
movement a l o n g  t h e  c u r r e n t  accoun t  c u r v e  toward t h e  o r i g i n  would 
i n c r e a s e  t h e  v a l u e  o f  t h e  o b j e c t i v e  ( u t i l i t y )  f u n c t i o n .  Eience 
t h e  pure  c o m p e t i t i v e  e q u i l i b r i u m  c a n n o t  be  o p t i m a l .  
The above argument h a s  a l s o  demons t ra ted  how n o n l i n e a r  pro- 
gramming methods can  be used t o  compute e q u i l i b r i u m  s o l u t i o n s  
f o r  c e r t a i n  t y p e s  o f  models.  I n  t h e  c a s e  o f  most g e n e r a l  e q u i -  
l i b r i u m  models ,  however,  t h e  s o l u t i o n  a l g o r i t h m  i s  t a i l o r e d  t o  
t h e  s p e c i f i c  model and t h e r e f o r e  w i l l  probab ly  be more e f f i c i e n t  
t h a n  some genera l -purpose  a l g o r i t h m .  Thus, it may be  b e t t e r  t o  
keep  t h e  e q u i l i b r i u m - s e a r c h i n g  a l g o r i t h m .  A s  w e  have shown, it 
i s  u s u a l l y  q u i t e  e a s y  t o  a l t e r  t h e  s p e c i f i c a t i o n  and s o l u t i o n  
a l g o r i t h m  o f  t h e  e q u i l i b r i u m  model (by i n t r o d u c i n g  a  t a x  on  ex- 
p o r t s ,  f o r  example)  t o  o b t a i n  a n  o p t i m a l  s o l u t i o n .  

I t  i s  sometimes d i f f i c u l t  t o  t e l l  whether t h e  more compli- 
c a t e d  e m p i r i c a l  models a r e  p e r f e c t l y  c o n s i s t e n t  w i t h  n e o c l a s s i c a l  
c o m p e t i t i v e  e q u i l i b r i u m  t h e o r y ,  and t h u s  it may happen t h a t  t h e  
i n t r o d u c t i o n  o f  t a r i f f s  w i l l  n o t  produce  t h e  " b e s t "  s o l u t i o n .  
I t  may a l s o  be d i f f i c u l t  t o  d e f i n e  a  w e l f a r e  f u n c t i o n  which 
cou ld  be  used t o  check whether  t h e r e  was any improvenent  on i n -  
t r o d u c i n g  t a r i f f s  (when, f o r  example, t h e r e  i s  more t h a n  one con- 
sumer). I n  such c a s e s  s p e c i a l  o p t i m i z a t i o n  t e c h n i q u e s  might  be 
used  t o  d e t e r m i n e  t h e  "second b e s t "  s o l u t i o n .  
3 . 2  Optimum T a r i f f s  i n  a  Small  Economy: I m p e r f e c t l y  E l a s t i c  
Expor t  Supply 
So f a r  w e  have examined t h e  u s u a l  optimum t a r i f f  argument  
w i t h i n  a  s p e c i a l  framework. The optimum t a r i f f  s i t u a t i o n  i s  gen- 
e r a l l y  a s s o c i a t e d  w i t h  l a r g e  economies (which have a  k i n d  o f  
r.onopoly power o v e r  t h e i r  e x p o r t  p r i c e s  and p o t e n t i a l  b u y e r s ) ,  
b u t  w e  have s e e n  t h a t  i t  i s  n o t  n e c e s s a r i l y  l i m i t e d  t o  such 
" l a r g e "  economies ,  a t  l e a s t  n o t  i n  t h e  u s u a l  s e n s e .  T h i s  c l a i m  
may, however, b e  r e j e c t e d  on t h e  grounds  t h a t  it i s  s imply  a  
q u e s t i o n  of  d e f i n i t i o n  ( t h a t  a  s m a l l  economy i s  d e f i n e d  a s  a  
p r i c e - t a k e r  on t h e  w o r l d  m a r k e t ! ) .  Some r e a d e r s ,  on  t h e  o t h e r  
hand,  may wonder why t h e  opt imun t a r i f f  argument always l e a d s  
o n l y  t o  t a x e s  on e x p o r t s  and. never  t o  s u b s i d i e s .  Indeed ,  i n  
p r a c t i c e  w e  g e n e r a l l y  f i n d  a  compl ica ted  sys tem i n v o l v i n g  bo th  
t a x e s  and s u b s i d i e s  r e g u l a t i n g  f o r e i g n  t r a d e .  
For b o t h  o f  t h e  above r e a s o n s  it i s  i n t e r e s t i n g  t o  see 
t h a t  optimum t a r i f f  s i t u a t i o n s  do a r i s e  i n  s m a l l  open economies,  
t o o .  W e  w i l l  a l s o  show t h a t  t h i s  i s  a  c a s e  i n  which n o t  o n l y  
t a x e s  b u t  a l s o  s u b s i d i e s  may emerge a s  a  means o f  o p t i m a l  regu- 
l a t i o n .  
L e t  us  now c o n s i d e r  a  s m a l l  open economy a s  d e f i n e d  i n  con- 
v e n t i o n a l  i n t e r n a t i o n a l  t r a d e  t h e o r y ,  once a g a i n  u s i n g  an a b s t r a c t  
t h e o r e t i c a l  model t o  h i g h l i g h t  t h e  p r o b l e n .  W e  assume t h a t  t h e r e  
i s  o n l y  one  commodity i n v o l v e d  i n  a  p u r e  exchange s i t u a t i o n ,  t h a t  
wor ld  market  p r i c e s  (FE and dF4) a r e  g iven  exogenously ,  and w e  
make u s e  o f  A r ~ i n g t o n ' s  assumpt ion  o n l y  i n  d e s c r i b i n g  demand i n  
t h e  home c o u n t r y .  F i g u r e  4 i l l u s t r a t e s  t h e  problem t o  be  i n v e s -  
t i g a t e d .  
F i g u r e  4 .  Base ( 0 )  , laissez-faire e q u i l i b r i u m  ( 1  ) and 
p l a n n e r s '  optimum ( 2 )  i n  a  s m a l l  open economy. 
To add a  r e a l i s t i c  f l a v o r  t o  o u r  a b s t r a c t  problem, l e t  
us  a s s u n e  t h e  f o l l o w i n g  f a m i l i a r  s i t u a t i o n .  A f t e r  some major  
d e t e r i o r a t i o n  i n  h e r  t e r m s  o f  t r a d e ,  t h e  home c o u n t r y  a d o p t s  a  
p o l i c y  o f  borrowing i n s t e a d  o f  c u r t a i l i n g  domes t i c  consumption.  
Th i s  l e a d s  t o  a  ( b a s e )  s i t u a t i o n  i n  which t h e  c u r r e n t  a c c o u n t  
shows a  d e f i c i t  ( d o ) ,  b u t  o t h e r w i s e  t h e  economy i s  ( i n t e r n a l l y )  
i n  a  s t a t e  of  laissez-faire e q u i l i b r i u m  ( p a r t s  and c u r v e s  l a b e l e d  
w i t h  o  s u b s c r i p t s  i n  F i g u r e  4 ) .  F o r  t h e  s a k e  o f  s i m p l i c i t y ,  w e  
a l s o  assume t h a t  t h i s  s i t u a t i o n  h a s  a l r e a d y  e x i s t e d  f o r  s u f f i -  
c i e n t l y  long  t o  a l l o w  t h e  c o u n t r y  i n  q u e s t i o n  t o  accommodate 
h e r s e l f  f u l l y  t o  t h e  new se t  o f  wor ld  market  p r i c e s .  Thus, t h e  
domes t i c  p r i c e  r a t i o s  a r e  e x a c t l y  t h e  same a s  t h e  wor ld  market  
p r i c e  r a t i o s  ( s e e  e q u a t i o n s  4.1 and 4 . 2 )  . 
The above assumpt ions  imply t h a t  t h e  f o l l o w i n g  c o n d i t i o n s  
a r e  f u l f i l l e d  i n  t h e  b a s e  c a s e :  
(4 .1 )  - 
'do - Vo FE 
Here w e  have used. t h e  s u b s c r i p t  o  ' t o  r e f e r  t o  t h e  b a s e  c a s e ;  
a l l  o t h e r  n o t a t i o n  i s  t h e  same a s  b e f o r e .  W e  t h u s  have seven 
endogenous v a r i a b l e s  (Cd, Cm, Z ,  m ,  Pd, 
'm' V )  and s i x  e q u a t i o n s  
c h a r a c t e r i z i n g  t h e  b a s e  c o m p e t i t i v e  e q u i l i b r i u m  ( a s  u s u a l ,  r e l a -  
t i v e  p r i c e s  a r e  i n d e t e r m i n a t e ) .  
One o f  o u r  assumpt ions  needs  s p e c i a l  c o n s i d e r a t i o n .  W e  
have assumed t h a t  long-run a d j u s t m e n t  h a s  b r o u g h t  a b o u t  " e q u a l i -  
z a t i o n "  o f  i n t e r n a t i o n a l  and domes t i c  p r i c e s ,  i . e . ,  e x p o r t  sup- 
p l y  i s  p e r f e c t l y  e l a s t i c  i n  t h e  long  run .  However, t h i s  does  
n o t  n e c e s s a r i l y  mean t h a t  e x p o r t  s u p p l y  is  p e r f e c t l y  e l a s t i c  i n  
t h e  s h o r t e r  r u n ,  t o o .  These two assumpt ions  a r e  n o t  c o n t r a d i c -  
t o r y .  L e t  us  assume t h a t  t h e  s h o r t - r u n  e x p o r t  s u p p l y  f u n c t i o n  
i s  g i v e n  by t h e  f o l l o w i n g  c o n s t a n t  e l a s t i c i t y  form* 
Assume now t h a t  w e  want t o  a s s e s s  what would happen i n  t h e  s h o r t  
r u n  i f  t h e  government wanted t o  r e s t o r e  e x t e r n a l  e q u i l i b r i u m .  
Suppose t h a t ,  t o  a c h i e v e  t h i s ,  t h e  government s t o p s  borrowing,  
t h u s  c u t t i n g  down on t h e  s u p p l y  o f  f o r e i g n  c u r r e n c y  (d  = O), b u t  
o t h e r w i s e  f o l l o w s  a  laissez-faire s t r a t e g y .  The r e s u l t i n g  s h o r t -  
run  e q u i l i b r i u m  can  b e  c a l c u l a t e d  by s o l v i n g  e q u a t i o n s  ( 4 . 2 )  - 
( 4 . 7 )  w i t h  a  new t a r g e t  of  z e r o  f o r  t h e  c u r r e n t  accoun t  b a l a n c e .  
The o n l y  s t r u c t u r a l  d i f f e r e n c e  between t h e  two sets of 
e q u i l i b r i u m  c o n d i t i o n s  i f  t h e  rep lacement  of  e q u a t i o n  (4 .1  ) by 
( 4 . 7 ) .  T h i s  d i f f e r e n c e  i s  due t o  t h e  assumed d i v e r g e n c e  of  
- - 
*Since  Pd = vFE i n  t h e  b a s e  c a s e ,  t h e  s c a l i n g  c o n s t a n t  must 
be  e q u a l  t o  Z o .  
s h o r t -  and long-run e x p o r t  supp ly  ad jus tment :  e x p o r t  supp ly  i s  
assumed t o  be  p e r f e c t l y  e l a s t i c  i n  t h e  l o n g  r u n ,  and i m p e r f e c t l y  
e l a s t i c  i n  t h e  s h o r t  r u n .  (Observe t h a t  t h e  two e q u a t i o n s  a r e  
i n  e f f e c t  e q u i v a l e n t  when a approaches  minus i n f i n i t y . )  
I t  i s  e a s i l y  s e e n  t h a t  t h e  long-run e q u i l i b r i u m ,  i . e . ,  t h e  
s o l u t i o n  o f  e q u a t i o n s  (4 .1 )  - ( 4 . 6 )  f o r  do = 0, i s  P a r e t o  s u p e r i o r  
t o  t h e  s h o r t - r u n  e q u i l i b r i u m ;  it i s  i n  f a c t  t h e  o p t i m a l  s o l u t i o n  
i n  t h e  absence  o f  f r i c t i o n  i n  e x p o r t  s u p p l y  a d j u s t m e n t .  Under 
normal a s sumpt ions  on t h e  v a l u e s  o f  t h e  p a r a m e t e r s ,  t h e  d i f f e r e n t  
s o l u t i o n s  w i l l  be a s  shown i n  F i g u r e  4 .  What happens i s  t h e  f o l -  
lowing.  Fore ign  c u r r e n c y  becomes s c a r c e r ,  r e s u l t i n g  i n  a  h i g h e r  
exchange r a t e  and ,  a s  a  consequence,  h i g h e r  domes t i c  p r i c e s  f o r  
b o t h  d o m e s t i c a l l y  produced and impor ted  commodit ies .  Eowever, 
s i n c e  e x p o r t  supp ly  i s  less t h a n  p e r f e c t l y  e l a s t i c ,  t h e  domes t i c  
p r i c e  o f  t h e  home produced commodity w i l l  n o t ,  i n  t h e  s h o r t  r u n ,  
i n c r e a s e  a t  t h e  same r a t e  a s  t h e  exchange r a t e  and t h e  p r i c e  of 
i m p o r t s .  Thus, i n  t h e  s h o r t - r u n  l a i s s e z - f a i r e  e q u i l i b r i u m  t h e  
consumption of  impor ted  commodities w i l l  be reduce2  more t h a n  
t h a t  of  domes t i c  commodities ( m  d e c r e a s e s ) .  I n  t h e  o p t i m a l  c a s e ,  
on t h e  o t h e r  hand, because  o f  t h e  (assumed) l i n e a r  homogeneity 
of  t h e  u t i l i t y  f u n c t i o n ,  consumption o f  b o t h  commodit ies  w i l l  
d e c r e a s e  by t h e  same p r o p o r t i o n  ( a s  would happen i n  t h e  long-run 
l a i s s e z - f a i r e  e q u i l i b r i u m ) .  Of c o u r s e ,  p r i c e s  i n  t h e  o p t i n a l  
c a s e  w i l l  a l s o  i n c r e a s e  p r o p o r t i o n a l l y .  
Thus, t h e  o p t i m a l  s t a t e  o f  t h e  economy (which i s  t h e  same 
h e r e  a s  t h e  long-run e q u i l i b r i u m )  i s  d i f f e r e n t  from t h e  s h o r t -  
r u n  e q u i l i b r i u m * .  The l a i s s e z - f a i r e  e q u i l i b r i u m  i s  less e f f i -  
c i e n t  t h a n  t h e  optimum s o l u t i o n  due t o  t h e  i m p e r f e c t  a d j u s t m e n t  
o f  t h e  e x p o r t  s u p p l y .  T h i s  f r i c t i o n  c o u l d ,  however,  be  overcome 
by a p p r o p r i a t e  e x p o r t  s u b s i d i e s ,  which must be  s u f f i c i e n t  t o  
i n c r e a s e  t h e  amount o f  goods e x p o r t e d  t o  t h e  o p t i m a l  l e v e l  ( Z * ) .  
Given t h e  s h o r t - r u n  s u p p l y  f u n c t i o n  and t h e  o p t i m a l  s o l u t i o n ,  
t h e  o p t i m a l  r a t e  o f  s u b s i d y  ( $ 1  can  b e  e a s i l y  de te rmined .  To 
*Observe t h a t  t h e  d - i s t i n c t i o n  between long- and s h o r t - r u n  
e q u i l i b r i u m  i s  n o t  e s s e n t i a l  t o  o u r  d i s c u s s i o n .  A l l  w e  r e a l l y  
need t o  show i s  t h a t  t h e  economy would be  b e t t e r  o f f  i f  supp ly  
w e r e  p e r f e c t l y  e l a s t i c ,  and t h a t  such a  s t a t e  i s  a t t a i n a b l e  
under  s u i t a b l e  r e g u l a t i o n  ( i n  t h e  rea lm o f  t h e  m o d e l ) .  
* - 
t h i s  end o b s e r v e  t h a t  Pd = V* PE, i f  p r i c e s  a r e  s e t  a c c o r d i n g  
t o  t h e  o p t i m a l i t y  c o n d i t i o n s .  Thus, i n t r o d u c i n g  t h e  s u b s i d y  
( $ )  i n t o  t h e  d e t e r m i n a t i o n  o f  supp ly  w i l l  r e s u l t  i n  t h e  fo l low-  
i n g  r e l a t i o n s h i p  
From t h i s  w e  can d e t e r m i n e  t h e  optimum r a t e  of  s u h s i d y  a s  
which i s  i n d e e d  g r e a t e r  t h a n  1 s i n c e  a c c o r d i n g  t o  o u r  assurcpt ions  
Z* > Zo and a < 0. 
W e  s h o u l d  p e r h a p s  make a  few comments concern ing  t h e  above 
a n a l y s i s .  F i r s t  o f  a l l ,  t h e  above ar rangement  c o u l d  o n l y  work 
i f  t h e  government c o l l e c t e d  t h e  money needed f o r  t h e  s u b s i d y  
th rough  sorce form o f  t a x a t i o n .  Thus, i n  g e n e r a l ,  t h i s  s o l u t i o n  
i m p l i e s  a  r e d i s t r i b u t i o n  o f  income which may have unwanted e f -  
f e c t s .  However, t h i s  canno t  be t a k e n  i n t o  a c c o u n t  i n  o u r  
s i m p l i f i e d  model. . 
A second remark concerns  t h e  p o s s i b i l i t y  o f  g e n e r a l i z i n g  
o u r  a n a l y s i s .  I t  i s  f a i r l y  e a s y  t o  show t h a t  t h e  above r e s u l t  
can  be ex tended  t o  t h e  c a s e  o f  t h e  l a r g e  open economy, i . e . ,  an 
economy f a c i n g  a  downward-sloping demand curve .  I n  t h i s  c a s e ,  
t h e  u s u a l  optimum t a r i f f  argument and t h e  above argument can  
s imply  be combined: t h i s  means t h a t  t h e  optimum t a r i f f  d e r i v e d  
from t h e  demand r e l a t i o n s h i p  must be m u l t i p l i e d  by t h e  t a r i f f  
i m p l i e d  by t h e  s u p p l y  f u n c t i o n  
where E and a a r e  t h e  demand and s u p p l y  e l a s t i c i t i e s  a s  b e f o r e ,  
and a  i s  t h e  s c a l e  f a c t o r  i n  t h e  s u p p l y  f u n c t i o n  ( Z o  b e f o r e ) .  
Thus,  i n  t h i s  c a s e ,  t h e  t a x  i m p l i e d  by p u r e  demand ( f r i c t i o n l e s s  
s u p p l y )  c o n s i d e r a t i o n s  might  be reduced o r  even o f f s e t  by t h e  
s u b s i d y  d i c t a t e d  by supp ly  c o n s t r a i n t s .  
T h i r d l y ,  w e  would l i k e  t o  c a l l  a t t e n t i o n  t o  one o f  o u r  spe-  
c i f i c  assumpt ions  and p o i n t  o u t  t h e  p o s s i b i l i t y  o f  a  supply-  
i m p l i e d  t a x  i n s t e a d  o f  a  s u b s i d y .  T h i s  would a r i s e  i f  o u r  com- 
p a r a t i v e  s t a t i c  example r e s u l t e d  i n  a  d e c r e a s e  r a t h e r  t h a n  a n  
i n c r e a s e  i n  e x p o r t s  ( a s  c o u l d  happen i f ,  f o r  example,  t h e  g i v e n  
c o u n t r y  borrowed more from a b r o a d ) .  T h i s  i s  e s p e c i a l l y  impor- 
t a n t  i n  t h e  more complex a n a l y s e s  i n v o l v i n g  many s e c t o r s  and d i f -  
f e r e n t  t y p e s  of assumed exogenous changes ,  where t h e  d i f f e r e n t  
s e c t o r s  would p r o b a b l y  produce  a  v a r i e t y  o f  d i f f e r e n t  combina- 
t i o n s  o f  t a x e s  and/or  s u b s i d i e s  based on e x p o r t  demand and sup- 
p l y  c o n s i d e r a t i o n s .  
F i n a l l y ,  w e  have t o  do j u s t i c e  t o  n e o c z a s s i c a z  optimum 
t a r i f f  t h e o r y .  I t  i s  c l e a r  t h a t  o u r  i n t r o d u c t i o n  o f  t h e  e x p o r t  
supp ly  f u n c t i o n  i s  n o t  s t r i c t l y  c o n s i s t e n t  w i t h  t h e  u s u a l  neo- 
c l a s s i c a l  way of  t h i n k i n g  and r e a s o n i n g .  The b a s i s  o f  neoc las -  
s i c a l  t h e o r y  i s  t h a t  e v e r y  a c t i o n  o f  economic a g e n t s  can  be ex- 
p l a i n e d  by assuming o p t i m i z i n g  b e h a v i o r .  Thus, f o r  example, t h e  
e x p o r t  supp ly  f u n c t i o n  i s  u s u a l l y  d e r i v e d  by assuming j o i n t  pro-  
d u c t i o n  o f  domes t i c  and e x p o r t  commodit ies ,  and p ro f i t -max imiz ing  
p r o d u c e r s .  I n  such  a  c a s e  a  s u p p l y - r e l a t e d  optimum t a r i f f  would 
p robab ly  n o t  emerge and s o  it i s  n o t  s u r p r i s i n g  t h a t  t h i s  c a s e  i s  
n o t  d i s c u s s e d  i n  t h e  s t r i c t l y  n e o c l a s s i c a l  l i t e r a t u r e .  
On t h e  o t h e r  hand,  however, w e  do n o t  t h i n k  t h a t  g e n e r a l  
e q u i l i b r i u m  models can  o r  s h o u l d  be  based s t r i c t l y  on n e o c l a s -  
s i c a l  t h e o r y .  I t  i s  a  q u e s t i o n  o f  p e r s o n a l  t a s t e  whether  one 
p r e f e r s  a n  e q u i l i b r i u m  model which i s  s t r i c t l y  c o n s i s t e n t  w i t h  
n e o c l a s s i c a l  t h e o r y  o r  one  which i s  n o t .  The e x p o r t  s u p p l y  func-  
t i o n ,  f o r  example, can  b e  i n t r o d u c e d  i n t o  a  model i n  a  non-neo- 
c l a s s i c a l  way, s imply  t o  ref lec t  non- ins tantar ieous  a d j u s t m e n t  t o  
changing s i t u a t i o n s  ( f r i c t i o n s  o t h e r  t h a n  t h o s e  i m p l i e d  by t ech-  
n o l o g i c a l  r e s t r i c t i o n s ) .  
4 .  NUMERICAL ILLUSTRATIONS 
W e  w i l l  now p r e s e n t  t h e  r e s u l t s  o f  some numer ica l  s imula-  
t i o n s .  Two models have been used f o r  t h e  purposes  of i l l u s t r a t i o n .  
One o f  t h e  models* i s  r a t h e r  d e t a i l e d ;  it d i s t i n g u i s h e s  19 
s e c t o r s .  Commodities a r e  d i s t i n g u i s h e d  accord ing  t o  t h e i r  sec-  
t o r a l  o r i g i n  and each s e c t o r a l  commodity i s  f u r t h e r  c l a s s i f i e d  
i n t o  t h r e e  c a t e g o r i e s :  domes t i ca l ly  produced, compet i t ive  and 
noncompeti t ive import .  I n  import  and e x p o r t  a c t i v i t i e s ,  d o l l a r  
and roub le  t r a d e  r e l a t i o n s  a r e  t r e a t e d  s e p a r a t e l y .  The sha re  of 
domestic source  and compet i t ive  ( d o l l a r  and r o u b l e )  import  
changes a s  a  func t ion  of  t h e i r  s e l e c t i v e  p r i c e s .  Export  i s  spe- 
c i f i e d  i n  a l t e r n a t i v e  ways (pure  supply ,  pure  demand, e q u i l i b r i u m  
of supply and demand and p l a n n e r ' s  optimum) a s  i n d i c a t e d  below 
i n  Table 2 .  
Product ion technology i s  desc r ibed  by a  Johansen-type 
s p e c i f i c a t i o n ,  i . e . ,  t h e  use  o f  s e c t o r a l  commodities i s  propor- 
t i o n a l  t o  t h e  o u t p u t  (Leont ie f  t echno logy) ,  whereas l a b o r  and 
c a p i t a l  usage are s p e c i f i e d  by l i nea r ,  homogeneous (CobbDouqlas) ,  
smooth produc t ion  r e l a t i o n s h i p s  (p roduc t ion  c a p a c i t y  f u n c t i o n s ) .  
Gross investment  i s  t r e a t e d  a s  a  s p e c i a l  s e c t o r a l  a c t i v i t y .  
Demand f o r  investment  i s  t h e  sum of  replacement and n e t  i n v e s t -  
ment ( replacement  r a t e  i s  d i f f e r e n t  from t h e  r a t e  of amort iza-  
t i o n ! ) .  Produc t ion  ( supply)  of new c a p i t a l  goods i s  r ep re sen ted  
by f i x e d - c o e f f i c i e n t  technology.  
The remainder o f  t h e  f i n a l  use (termed simply a s  consumption) 
i s  d iv ided  i n t o  a  f i x e d  and a  v a r i a b l e  p a r t .  I n  t h e  runs  pre-  
s e n t e d  h e r e ,  t h e  f i x e d  (minimum) p a r t  i s  t h e  observed 1976 (base )  
consumption. I n  o r d e r  t o  be a b l e  t o  measure and compare e f f i -  
c iency ( o p t i m a l i t y )  of  va r ious  s o l u t i o n s  e a s i l y  and unambiguously 
t h e  s e c t o r a l  composit ion of  t h e  v a r i a b l e  ( exces s )  p a r t  of consump- 
t i o n  is f i x e d ,  t h u s  l e a v i n g  on ly  t h e  l e v e l  o f  excess  consumption 
a s  v a r i a b l e .  This  t r ea tmen t  l e a d s  t o  a  s p e c i a l  demand system, 
formal ly  very c l o s e  t o  t h e  more usua l  LES systems.  
*The model i s  a  v e r s i o n  of t h e  computable g e n e r a l  e q u i l i b r i u m  
model developed f o r  exper imenta l  purposes by t h e  au tho r  i n  co l -  
l a b o r a t i o n  with  e x p e r t s  from t h e  Hungarian Planning Of f i ce .  A 
more d e t a i l e d  d e s c r i p t i o n  of t h e  model can be found i n  Za la i  
(1980) .  The au tho r  wishes t o  acknowledge t h e  va luab le  a s s i s t a n c e  
i n  p repa r ing  t h e  numerical  model and i t s  s o l u t i o n  a l g o r i t h m g i v e n  by 
Gy-Boda, I .  Csekd, F-n& Hennel, L.  Ldszl6 ,  A .  P6r ,  S. P o v i l i a i t i s ,  
J. Sivdk,  A. Tihanyi  and L. Zedld. 
P r i c e  f o r m a t i o n  r u l e s  c l o s e l y  f o l l o w  t h e  i n p u t - o u t p u t  t r a d i -  
t i o n ,  e x c e p t  t h a t  t h e  c o s t  o f  l a b o r  and c a p i t a l  i s  d e r i v e d  on 
t h e  b a s i s  o f  t h e  needed c o s t  minimizing assumpt ion .  P r i c e s  a r e  
formed on a  c o s t - p l u s - p r o f i t  mark-up b a s i s ,  where t h e  exogenous 
p r o f i t  r a t e s  a r e  t h e  obse rved  ones  (one  o f  t h e  n o n - n e o c l a s s i c a l  
f e a t u r e s  o f  t h e  model) . 
The p a r a m e t e r s  and exogenous v a r i a b l e s  o f  t h e  model a r e  
mos t ly  e v a l u a t e d  on t h e  b a s i s  o f  t h e  1976 Hungarian s t a t i s t i c a l  
i n p u t - o u t p u t  t a b l e s  ( u s i n g  s i n g l e  d a t a  p o i n t  e s t i m a t e s ) ,  and 
p a r t l y  g u e s s t i m a t e d  ( e s p e c i a l l y  t h e  f o r e i g n  t r a d e  e l a s t i c i t i e s ) .  
The o t h e r  model i s  i n  many r e s p e c t s  a  s i m p l i f i e d  and aggre-  
g a t e d  v e r s i o n  o f  t h e  f i r s t .  Only 3 s e c t o r s  a r e  d i s t i n g u i s h e d .  
F o r e i g n  t r a d e  i s  r e p r e s e n t e d  o n l y  by one e x p o r t  and one i m p o r t  
v a r i a b l e  i n  each  s e c t o r .  I n  t h e  v a r i o u s  r u n s  t h e  volume and 
p r i c e  o f  e x p o r t  i n  t h e  s e r v i c e  s e c t o r s  ( t h i r d  s e c t o r )  a r e  k e p t  
c o n s t a n t  a t  t h e  b a s e  l e v e l .  
The second model i s  made more n e o c l a s s i c a l  by t r e a t i n g  i m -  
p o r t  and domes t i c  commodities a s  less t h a n  p e r f e c t  s u b s t i t u t e s ,  
a c c o r d i n g  t o  Armington 's  p r o p o s i t i o n .  ( I n  t h e  p r e v i o u s  model 
t h e  assumpt ions  o f  p e r f e c t  s u b s t i t u t a b i l i t y  b u t  less t h a n  pe r -  
f e c t  a d j u s t m e n t  mechanism gave r ise t o  b a s i c a l l y  t h e  same impor t  
f u n c t i o n s . )  T h i s  and some o t h e r  f e a t u r e s  make t h e  s m a l l e r  model 
s i m i l a r  t o  t h e  ones  used  f o r  s i m u l a t i o n s  i n  Western o r  d e v e l o p i n g  
economies. Consumption o f  t h e  composi te  (domes t i c  and impor ted)  
commodity i s ,  f o r  example,  de te rmined  by a n  LES demand s t r u c t u r e .  
I n  f a c t ,  t h e  o n l y  d e v i a t i o n  from t h e  s t a n d a r d  n e o c l a s s i c a l  gen- 
e r a l  e q u i l i b r i u m  s p e c i f i c a t i o n  i s  t h a t  t h e  e x p o r t  s u p p l y  func-  
t i o n s  ( i f  used)  a r e  supposed t o  r e f l e c t  i n s t i t u t i o n a l  r a t h e r  t h a n  
t e c h n o l o g i c a l  a d j u s t m e n t  f r i c t i o n s .  T h e r e f o r e ,  e x p o r t e d  and 
d o m e s t i c a l l y  s o l d  commodit ies  a r e  c o n s i d e r e d  p e r f e c t  s u b s t i t u t e s .  
F i r s t  w e  w i l l  p r e s e n t  t h e  r e s u l t s  o f  t h e  more a g g r e g a t e d  
m o d e l .  I n  t h i s  c a s e  w e  have adop ted  a  r a t h e r  s i m p l e  s i m u l a t i o n  
framework which can  be  s u r r ~ a r i z e d  a s  f o l i o w s .  The obse rved  (1976) 
s t a t e  o f  t h e  economy was c o n s i d e r e d  t h e  b a s e  s o l u t i o n .  I t  was 
assumed, a s  u s u a l ,  t h a t  t h e s e  d a t a  r e f l e c t  c e r t a i n  p a r t i a l  
e q u i l i b r i a  ( e . g . ,  r a t i o n a l  d e c i s i o n s  under  t h e  g i v e n  p r i c e  r e g i m e ) ,  
b u t t h a t  t h e y  d e s c r i b e ,  i n  g e n e r a l ,  a  d i s t o r t e z  g e n e r a l  e q u i l i b r i u m .  
For  t h e  s a k e  o f  s i m p l i c i t y  w e  assumed t h a t  t h e  major  d i s t o r t i o n s  
m a n i f e s t ed  themse lves  i n  t h e  p r i c e s ,  namely i n  t h e  s e c t o r a l l y  
d i f f e r e n t  r a t e s  o f  r e t u r n  on t h e  pr imary r e s o u r c e s .  Thus, w e  
se t  o u t  t o  an a l y ze  t h e  e f f e c t  o f  i n t r o d u c i n g  an  economical ly  
more sound ( c o m p e t i t i v e )  p r i c e  sys tem,  i n  which t h e  amount o f  
p r o f i t  ( n e t  income) i s  de te rmined  acco rd ing  t o  uni form (normat ive )  
n e t  r a t e  o f  r e t u r n  requ i rement  on bo th  l a b o r  and c a p i t a l .  
W e  have g en e r a t ed  8  s o l u t i o n s .  They d i f f e r  from each  o t h e r  
o n l y  i n  t h e  e x p o r t  t r e a t m e n t .  F i r s t  w e  c a l c u l a t e d  t h e  r e s u l t s  
w i t h  four a l t e r n a t i v e  e x p o r t  s p e c i f i c a t i o n s :  a n e o c l a s s i c a l ,  
i . e . ,  p u r e  e x p o r t  demand c a s e  ( D e m ) ,  pu re  e x p o r t  supp ly  c a s e  
( S u p ) ,  e x p o r t  supp ly  and demand e q u i l i b r i u m  c a s e  (Equ) , and 
optimum t a r i f f  c a s e  ( O p t ) .  (Table  2  shows t h e  e x p o r t  s p e c i f i c a -  
t i o n  i n  t h e  t h r e e  v e r s i o n s  o f  e q u i l i b r i u m .  ) I n  o r d e r  t o  i l l u s -  
t r a t e  t h e  e f f e c t  o f  t h e  s i z e  of  e x p o r t  e l a s t i c i t i e s  w e  have re- 
p e a t e d  each  r u n  a t  l a r g e r  a b s o l u t e  v a l u e s  o f  t h e  e l a s t i c i t i e s ,  
a s  shown below: 
S e c t o r  
1  
2 
Small  E l a s t i c i t i e s  (1 ) Large E l a s t i c i t i e s  ( 2 )  
su p p l y  Demand supp ly  Demand 
- 0.5  - 1.5 - 5.0 - 6 .0  
- 2.5 - 3.0 - 4 .0  - 8.0 
The se t  o f  s m a l l e r  e l a s t i c i t i e s  i s  r e p r e s e n t a t i v e  f o r  t h e  
numer ica l  mcdels used i n  p r a c t i c e .  T a b l e s 3  and 4 summarize t h e  
a l t e r n a t i v e  s o l u t i o n s  i n  t e r m s  o f  some c h a r a c t e r i s t i c  v a r i a b l e s .  
Most o f  t h e  a n a l y s i s  can be l e f t  t o  t h e  r e a d e r ,  s i n c e  t h e  f i g u r e s  
speak f o r  themse lves .  To ampl i fy  some c o n c l u s i o n s  w e  pre-  
p a r e d  Tab le  5  which c o n t a i n s  on ly  t h e  most r e l e v a n t  i n fo rma t ion .  
Tab le  5 g i v e s  some i n s i g h t s  i n t o  t h e  working o f  t h e  g e n e r a l  
e q u i l i b r i u m  models t y p i c a l l y  used.  F i r s t  o f  a l l ,  due t o  t h e  
i n p u t - o u t p u t  s t r u c t u r e  p r o d u c e r s '  p r i c e s  a r e  r a t h e r  s t a b l e  (see 
Table  4 )  . Th e r e f o r e  t h e  r e l a t i v e  p r ice -dependen t  v a r i a b l e s  ( l i k e  
e x p o r t ,  impor t  s h a r e )  w i l l  g e n e r a l l y  f o l l ow  t h e  same p a t t e r n  o f  
change i n  t h e  v a r i o u s  s o l u t i o n s .  Only t h e  op t ima l  s o l u t i o n  i s  
an  e x c e p t i o n  t o  t h i s  g e n e r a l  o b s e r v a t i o n ,  where w e  can see 
q u a l i t a t i v e l y  d i f f e r e n t  s o l u t i o n s .  
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T a b l e  5. Summary o f  s i m u l a t i o n  r e s u l t s  w i t h  a l t e r n a t i v e  e x p o r t  
s p e c i f i c a t i o n s  ( s m a l l  model) ( p e r c e n t a g e  c h a n g e s ) .  
D e m  SUP Equ Opt 
SMALL ELASTICITIES 
T o t a l  e x p o r t  + 1 . 6  + 2.3 + 1 . 7  - 33.8 
i n  s e c .  1  - 2 7  - 1 0  - 8  - 78  
i n  s e c .  2  + 7  + 5  + 4 -- 28  
T o t a l  impor t  + 2  + 2  + 1 .3  - 1 9 . 3  
T o t a l  e x c e s s  
consumption 
T e r m  o f  t r a d e  + 0.6 0  + 0 .3  + 1 8 . 5  
Exchange r a t e  - 1 4  - 1 5  - 14 + 1 3  
LARGE ELASTICITIES 
T o t a l  e x p o r t  + 4 . 1  + 1.9 + 1 . 5  - 8.3 
i n  s e c .  1  - 7 1  - 6 2  - 41  - 78  
i n  sec. 2  + 1 8  + 1 4  + 9  + 4  
T o t a l  impor t  + 2.8 + 1 .7  + 1 .2  - 6 . 9  
T o t a l  e x c e s s  
consumption 
T e r m  o f  t r a d e  - 1 . 0  0  + 0 . 2  + 0.5 
Exchange r a t e  - 1 5  - 1 4  - 1 3  - 5  
I t  i s  a l s o  e v i d e n t  t h a t  t h e  s i z e  o f  t h e  e l a s t i c i t i e s  has a  rea l  
i n f l u e n c e  on t h e  s i z e  o r d e r  o f  changes .  I f  t h e y  a r e  r e l a t i v e l y  
s m a l l  t h e  changes a r e  l a r g e r  and v i c e  v e r s a .  T h i s  e f f e c t  i s  
v i s i b l e  even i f  w e  compare o n l y  t h e  demand, s u p p l y  and e q u i l i b -  
r ium s o l u t i o n s  i n  one ( s m a l l  o r  l a r g e )  c l a s s  o f  e l a s t i c i t i e s .  
A s  shown i n  Tab le  1,  e q u i l i b r i u m  e l a s t i c i t i e s  a r e  t h e  s m a l l e s t  
o f  a l l ,  and i n  t h i s  p a r t i c u l a r  example w e  have chosen t h e  s u p p l y  
e l a s t i c i t i e s  S F - a l l e r  t h a n  t h e  denand ones .  These show up i n  t h e  
r e s p e c t i v e  o r d e r s  o f  change i n  t h e  e x p o r t s .  Thus, t h e  l a r g e r  
t h e  e l a s t i c i t i e s  t h e  l a r g e r  t h e  room f o r  t h e  f o r c e s  o f  c o m p a r a t i v e  
a d v a n t a g e  i n  s t r u c t u r a z  a d j u s t m e n t  ( a l l o c a t i v e  e f f i c i e n c y ) .  
However, t h e  above p o s i t i v e  e f f e c t s  o f  l a r g e r  e l a s t i c i t i e s  
a r e  c o u n t e r b a l a n c e d  by  t h e  t e r m s - o f - t r a d e  e f f e c t s  brough t  i n  by 
t h e  same demand e l a s t i c i t i e s .  Thus,  f o r  example,  i n  t h e  pure  
e x p o r t  demand c a s e  t h e s e  two e f f e c t s  o f f s e t  e a c h ' o t h e r .  The 
i n c r e a s e d  a l l o c a t i v e  e f f i c i e n c y  i s  o f f s e t  by a  1.6% s i m u l t a n e o u s  
d e t e r i o r a t i o n  o f  t h e  t e r m s  of  t r a d e  (from +0.6 t o  - 1 . 0 ) ,  and t h e  
i n c r e a s e  o f  consumption remains t h e  same ( 1 . 1 ) .  
The t e r m s - o f - t r a d e  e f f e c t s  b r o u g h t  i n  by t h e  demand e l a s -  
t i c i t i e s  can b e s t  b e  s e e n  i n  t h e  c a s e  o f  o p t i m a l  t a r i f f  s o l u t i o n s  
which t a k e s  them t o  an  ext reme.  When t h e  e l a s t i c i t i e s  a r e  s m a l l  
t h e  o p t i m i z i n g  l o g i c  o f  t h e  s o l u t i o n s  g e n e r a t e s  a n  18.51 ( ! )  
g a i n  i n  t h e  terms o f  t r a d e ,  and t h i s  i s  t h e  r e a l  s o u r c e  o f  t h e  
o u t s t a n d i n g  w e l f a r e  i ~ p r o v e m e n t  (+5.31 i n c r e a s e  i n  consumption) . 
With l a r g e  e l a s t i c i t i e s  t h i s  e f f e c t  is  o n l y  m a r g i n a l  a s  compared 
t o  t h e  a l l o c a t i v e  e f f i c i e n c y .  T h i s  e x p l a i n s  why t h e  v a r i o u s  
s o l u t i o n s  a r e  s o  c l o s e  t o  each o t h e r  i n  t h e  c a s e  o f  l a r g e r  e l a s -  
t i c i t i e s .  
It i s  a l s o  wor th  n o t i n g  t h a t  t h e  l a i s s e z - f a i r e  s o l u t i o n s  
and o p t i m a l  s o l u t i o n s  q u a l i t a t i v e l y  d i f f e r  i n  t h e i r  economic 
p o l i c y  i m p l i c a t i o n s .  The former ones  s u g g e s t  a  more open 
f o r e i g n  t r a d e  p o l i c y :  b o t h  t o t a l  e x p o r t s  and t o t a l  i m p o r t s  
i n c r e a s e  i n  a l l  s i x  s o l u t i o n s .  The o p t i m a l  s o l u t i o n s ,  on 
t h e  o t h e r  hand,  s u g g e s t  r a t h e r  s e v e r e  impor t -expor t  r e s t r i c t i o n s .  
F i n a l l y ,  a s  a  m a t t e r  of s p e c i a l  i n t e r e s t ,  w e  would l i k e  t o  
r e p o r t  on some s p e c i f i c s  o f  t h e  o p t i m a l  t a r i f f  s o l u t i o n .  A s  we 
have d i s c u s s e d  i n  t h e  t h e o r e t i c a l  p a r t  o f  t h i s  p a p e r ,  t h e  o p t i m a l  
t a r i f f  s o l u t i o n  works i n  t h e  f o l l o w i n g  way. The exchange r a t e  
w i l l  be c o r r e c t e d  by t a x e s  o r  s u b s i d i e s  i n  r e g u l a t i n g  e x p o r t s .  
A l l  t h e  l a i s s e z - f a i r e  s o l u t i o n s  s u g g e s t e d  a  13%-15% r e v a l u a t i o n  
o f  t h e  exchange r a t e .  ( T h i s  can  be e x p l a i n e d  by t h e  c a  16% 
d e c r e a s e  i n  t h e  p r i c e  o f  t h e  major  e x p o r t i n g  s e c t o r ,  number 2 . )  
A s  opposed t o  t h i s ,  t h e  o p t i m a l  t a r i f f  s o l u t i o n  i m p l i e d  a  13% 
d e v a l u a t i o n  i n  t h e  c a s e  o f  s m a l l  e l a s t i c i t i e s  and o n l y  5% re- 
v a l u a t i o n  i n  t h e  o t h e r  c a s e .  Th i s  immedia te ly  e x p l a i n s  why i m -  
p o r t s  a r e  reduced i n  b o t h  c a s e s .  To d i s c o u r a g e  e x p o r t s ,  on t h e  
o t h e r  hand,  e x p o r t  t a x e s  have t o  be i n t r o d u c e d .  T h e i r  o r d e r  o f  
magn i tude  i n  t h e  f i r s t  two s e c t o r s  a r e  98% ! and 42% when e l a s -  
t i c i t i e s  a r e  s m a l l  and 40% and 11 - 7 %  when t h e y  a r e  h i g h .  ( I f  
s u p p l y  were p e r f e c t l y  e l a s t i c  t h e  c o r r e s p o n d i n g  f i g u r e s  would be 
6 7 %  and 3 3 %  i n  t h e  f i r s t  c a s e ,  and 1 7 %  and 12 .5% i n  t h e  second.  
Thus, excep t  f o r  t h e  l a s t  f i g u r e ,  t h e  supply  e f f e c t  adds t o  t h a t  
of  demand. ) These r e s u l t s  c l e a r l y  c a l l  into question the relevance of 
op t imal  t a r i f f  argument i n  t h e  c a s e  o f  s ~ . a l l  ( c o n s t a n t )  demand 
e l a s t i c i t i e s .  
W e  t h i n k  t h i s  example convinc ing ly  i l l u s t r a t e s  t h e  p o i n t  
t h a t  t h e  q u e s t i o n  o f  e x p o r t  demand s p e c i f i c a t i o n  and e s p e c i a l l y  
t h e  s i z e  o f  demand e l a s t i c i t i e s  commonly used i n  computable gen- 
e r a l  e q u i l i b r i u m  models must be c r i t i c a l l y  re-examined. The 
r e s u l t s  obtained fm the mre complex and d i s agg rega t ed  model show 
t h a t  ou r  f i n d i n g s  a r e  n o t  overexaggerated by t h e  sma l l  model. 
The s i m u l a t i o n  framework i n  t h i s  c a s e  was somewhat d i f f e r e n t .  
The q u e s t i o n  w e  asked from t h i s  model was t h e  fo l l owing .  Suppose 
Hungary wanted t o  ach i eve  a  ze ro  ba lance  i n  h e r  d o l l a r  t r a d e  
i n  1976 ,  what s t r u c t u r a l  changes would be  needed? Again, w e  
c a l c u l a t e d  f o u r  s o l u t i o n s  d i f f e r i n g  o n l y  w i t h  r e s p e c t  t o  t h e  
e x p o r t  s p e c i f i c a t i o n .  Some a d d i t i o n a l  s p e c i f i c s  of  t h e  c a l c u l a -  
t i o n s  shou ld  be  mentioned b e f o r e  p r e s e n t i n g  t h e  main r e s u l t s .  
F i r s t ,  t h e  ba lance  o f  t r a d e  was assumed t o  be r e s t o r e d  a t  t h e  
c o s t  of  a  more o r  less uniform dec rea se  of  consumption. Second, 
r oub l e  t r a d e  and t e r m s  of  t r a d e  were k e p t  c o n s t a n t .  Th i rd ,  
p r o f i t  r a t e s  were assumed t o  remain t h e  same. 
The d e t a i l s  of t h e s e  model s o l u t i o n s  a r e  n o t  t o o  i n t e r e s t -  
i n g  and might be somewhat mis lead ing .  There fore  w e  dec ided  t o  
show h e r e  on ly  some of  t h e  main i n d i c a t o r s  (Table  6 ) .  However, 
t h e  r e s u l t s  a r e  p e r f e c t l y  adequate  f o r  i l l u s t r a t i n g  t h e  r e s u l t s  
of t h e  a l t e r n a t i v e  e x p o r t  s p e c i f i c a t i o n s  d i s c u s s e d  and t h e  d i f -  
f e r e n c e s  between t h e  laissez-faire and p l a n n e r s '  optimum s o l u t i o n s .  
Table  6.  Main i n d i c a t o r s  ( l a r g e  model) (base  = 1 0 0 )  
D e m  SUP w u  Opt 
T o t a l  d o l l a r  e x p o r t  128 .18  1 1 6 . 5 1  123 .90  1 0 8 . 7 4  
T o t a l  d o l l a r  import  97 .35  9 8 . 4 4  9 5 . 5 5  8 9 . 0 5  
T o t a l  trade/GDP r a t i o *  8 4 . 8 1  82 .90  8 3 . 5 7  79 .45  
F i n a l  consumption 9 2 . 0 4  9 5 . 5 2  9 2 . 7 5  94 .63  
Dol l a r  t e r m s  of  t r a d e  89 .89  1 0 0 . 0 0  91 .27  96 .92  
D o l l a r  exchange r a t e  1 1 1 . 2 1  1 0 8 . 8 7  1 2 5 . 3 9  188 .31  
4 .  CONCLUDING REMARKS 
I n  t h e  f i r s t  p a r t  o f  t h i s  p a p e r  w e  a rgued t h a t  t h e  r i g i d  
i n d i v i d u a l  bounds on e x p o r t  and impor t  a c t i v i t i e s  t y p i c a l  of  
programming-type macroeconomic models can  b e  u s e f u l l y  r e p l a c e d  
by f l e x i b l e  bounds. T h i s  replacement  was, i n  f a c t ,  c a r r i e d  o u t  
u s i n g  some t o o l s  borrowed from s i m i l a r  models o f t h e  computable 
g e n e r a l  e q u i l i b r i u m  t y p e .  The c h o i c e  o f  p a r a m e t e r s  i n  t h e  neo- 
c l a s s i c a l  e x p o r t  and impor t  f u n c t i o n s  i s  a t  l e a s t  a s  c r u c i a l  a s  
t h e  c h o i c e  o f  t h e  s i z e  o f  i n d i v i d u a l  bounds,  and t h i s  i s  c l e a r l y  
demons t ra ted  i n  t h e  numer ica l  s i m u l a t i o n s .  Thus, s i n c e  t h e s e  
pa ramete r s  canno t  be e s t i m a t e d  any more r e l i a b l y  t h a n  t h e  i n d i -  
v i d u a l  bounds can  be  d e t e r m i n e d ,  t h e r e  is  some d e g r e e  of  a r b i -  
t r a r i n e s s  i n  b o t h  c a s e s .  
Our numer ica l  examples a l s o  i l l u s t r a t e  t h e  t e rms-of - t r ade  
e f f e c t s  i n t r o d u c e d  by e x p o r t  d e ~ a n d  f u n c t i o n s .  I t  i s  i m p o r t a n t  
t o  emphasize t h a t  i n  many c a s e s  t h e s e  e f f e c t s  a r e  u n r e a l i s t i c  
and unwanted. The s m a l l e r  t h e  e l a s t i c i t i e s ,  t h e  l a r g e r  t h e  t e r m s -  
o f - t r a d e  e f f e c t s .  Smal l  e l a s t i c i t i e s ,  however, u s u a l l y  a r i s e  
o n l y  because  t h e  obse rved  changes i n  e x p o r t s  a r e  s m a l l ,  e s p e c i a l -  
l y  when compared t o  changes  i n  r e l a t i v e  p r i c e s .  
I t  i s ,  t h e r e f o r e ,  c r u c i a l  t o  d i s t i n g u i s h  between and pos- 
s i b l y  s e p a r a t e  t h e  changes  i n  t h e  t e r m s - o f - t r a d e  and t h e  changes 
i n  t h e  speed  o f  e x p o r t  a d j u s t m e n t .  The s p e c i a l  advantage  o f  i n -  
t r o d u c i n g  b o t h  demand and s u p p l y  f u n c t i o n s  l i e s ,  i n  p a r t ,  i n  t h i s  
a r e a .  Smal l  s u p p l y  e l a s t i c i t i e s  imply s m a l l  s h i f t s  i n  e x p o r t s  
( i f  n e e d e d ) ,  w h i l e  t h e  s i z e  o f  t h e  demand e l a s t i c i t y  can more 
a c c u r a t e l y  r e f l e c t  t h e  assumed changes i n  t h e  t e r m s - o f - t r a d e .  
A major  problem w i t h  t h e  most commonly used e x p o r t  and i m -  
p o r t  f u n c t i o n s  i s  t h e i r  c o n s t a n t - e l a s t i c i t y  form. Even i f  one 
c o u l d  r e l y  on t h e  economet r i c  e s t i m a t e s  o f  t h e s e  e l a s t i c i t i e s ,  
t h e y  would g i v e  a n  a c c u r a t e  r e p r e s e n t a t i o n  o f  supp ly  and demand 
b e h a v i o r  o n l y  i n  a  r e l a t i v e l y  s m a l l  a r e a  o f  t h e  obse rved  p a t t e r n .  
Another  problem w i t h  c o n s t a n t  e l a s t i c i t i e s  i s  t h a t  t h e  e f f e c t s  
o f  i n c r e a s e s  and d e c r e a s e s  i n  r e l a t i v e  p r i c e s  a r e  t r e a t e d  sym- 
m e t r i c a l l y .  I t  i s  r a t h e r  u n r e a l i s t i c  t o  assume t h a t ,  s a y ,  a  
10% i n c r e a s e d  i n  e x p o r t s  w i l l  produce a  change i n  r e l a t i v e  p r i c e s  
o f  t h e  same s i z e  a s  a  10% d e c r e a s e  i n  e x p o r t s .  
One would i n t u i t i v e l y  t h i n k  t h a t  t h e  e x p o r t  demand would 
be much more e l a s t i c  w i t h  r e s p e c t  t o  an i n c r e a s e  i n  p r i c e s  t h a n  
t o  a  dec rea se  i n  p r i c e s .  I t  would t h e r e f o r e  seem r ea sonab l e  t o  
r e p l a c e  t h e  c o n s t a n t  e l a s t i c i t y  forms w . ~ o n s y m m e t r i c  forms w i t h  
v a r i a b l e  e l a s t i c i t i e s .  S ince  o b s e r v a t i o n s  u s u a l l y  l i e  w i t h i n  a  
narrow range ,  it i s  ex t remely  d i f f i c u l t  t o  make econometr ic  
e s t i m a t e s  o f  such f u n c t i o n s .  The on ly  p o s s i b i l i t y  seems t o  be 
t h e  combination of  econometr ic  e s t i m a t e s  w i t h  q u a l i t a t i v e  e x p o r t  
judgments . 
On t h e  whole, o u r  numerical  s i m u l a t i o n s  demons t ra te  t h a t  
t h e  t r e a t m e n t  of  f o r e i g n  t r a d e  i n  a  m u l t i s e c t o r a l  macromodel has  
a  ve ry  g r e a t  i n f l u e n c e  on t h e  f i n a l  r e s u l t s  of  t h e  model. Th is  
i s  n o t  ve ry  s u r p r i s i n g  s i n c e  t h e s e  models o p e r a t e  on t h e  b a s i s  
of  r e sou rce  r e a l l o c a t i o n .  The freedom i n  r e a l l o c a t i n g  r e sou rce s  
i n  an  open economy depends g r e a t l y  on t h e  p o t e n t i a l  f o r  f o r e i g n  
t r a d e .  Thus, it  i s  very  impor t an t  t o  d e v i s e  an  a c c u r a t e  repre -  
s e n t a t i o n  of  t h i s  p o t e n t i a l :  it seems t h a t  t h e  c u r r e n t l y  a v a i l -  
a b l e  t echn iques  a r e  n o t  s u f f i c i e n t l y  s o p h i s t i c a t e d  t o  hand le  
t h e s e  problems adequa t e ly .  
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